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ABSTRACT

This project, entitled West Coast Ventilation Strategies, was 
commissioned by CMHC for the purpose of evaluating various 
residential ventilation systems in southern British Columbia west 
coast applications.
In addition to general observations and conclusions concerning 
residential ventilation, this report presents the results of 
detailed monitoring of 8 different types of systems, as they were 
operated over two years in actual residences. Various rates of 
ventilation were tested.
The following items are addressed in the report:

* Local construction, climate, and lifestyle.
* Installation and operating costs.
* Builder and homeowner response to the systems.
* Indoor air quality performance.
* Advantages and disadvantages of the various systems.

The report provides an explanation of many factors which contribute 
to the success or failure of specific ventilation strategies.



This project was funded by the Canada Mortgage and Housing 
Corporation (CMHC) and BC Hydro. The views expressed are the 
personal views of the authors, and do not necessarily represent 
the views of CMHC or BC Hydro.



TABLE OF CONTENTS
Pg

Abstract
1.0 Executive Summary..........................   1
2.0 Introduction........................................  2
3.0 Project Objectives.................................. 3
4.0 Background

4.1 Typical House Construction..............
4.2 Ventilation Induced Problems.........
4.3 Climate and Lifestyle....................
4.4 Generic Ventilation System Description..
4.5 Ventilation Rate Precedents.............

5.0 Ventilation System Information....................    9
6.0 Discussion..........................................  25

6.1 Test Conditions.... .....................  26
6.2 Monitoring Results.......................  26
6.3 Mechanical Ventilation................... 29
6.4 Overall Ventilation...................... 30
6.5 Bedroom Ventilation...................... 33
6.6 Humidity as a Controlled Variable....... 34
6.7 Energy Ramifications..................... 35

7.0 Conclusions
7.1 General................................... 36
7.2 Indoor Air Quality..............   36
7.3 Carbon Monoxide..........................  37
7.4 Mechanical Ventilation................... 37
7.5 Overall Ventilation...................... 39
7.6 Energy Ramifications of Systems......... 40

APPENDICES
1. Annual Meteorological Summary for Victoria
2. Residential Codes and Standards
3. Air Quality Index
4. Summary Chart of Project Results
5. Real Time Graphs of Monitoring
6. Energy Performance7. Examples of Recommended Systems
8. Chemical Testing Results
9. Mycological Test Results

10. Occupant and Builder Questionnaires
11. Test Equipment
12. IAQ Guidelines

os
 m 

m



1.0 EXECUTIVE SUMMARY
This report provides evaluations of the performance of various 
ventilation systems in actual houses. The following systems were 
monitored:
1. Central exhaust; negatively pressurized crawlspace.
2. Positively pressurized crawlspace.
3. Minimum BC Code requirements.
4. Aereco variable air volume.
5. Central exhaust with passively tempered make-up (Wall Pipe) 

in each room.
6. Central exhaust with untempered make-up (Wall Inlet) in each 

room.
7. Heat recovery ventilator.
8. Heat recovery ventilator with dedicated air.
Various ventilation rates were monitored. For all houses except the 
HRV, Aereco and Dedicated Air houses, these rates are defined by 
the B.C. Building Code; the high rate was equivalent to 0.3 air 
changes per hour (ACH) regulated by de-humidistat and the lower 
rate was defined as 0.15 ACH continuous. The HRV house was 
ventilated at rates common to HRV installations. The Aereco system 
is a variable air volume system and the Dedicated Air house was 
ventilated to the 0.15 ACH continuous, and according to CSA CAN F- 
326.
Strengths and shortcomings of the various systems, methods of 
control, and ventilation rates are analyzed.
The results indicate that many variables contribute to the 
effectiveness of a ventilation system. The "human’1 aspects of 
system operation and occupancy load are among the most important 
factors; unfortunately, these cannot be determined prior to 
occupancy for most new houses.
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2.0 IMTRODPCTION
Avalon Mechanical Consultants were retained by CMHC to act as prime 
consultant on the West Coast Ventilation Study, a project initiated 
by The Victoria Homebuilders' Association to investigate the 
effectiveness of various residential ventilation strategies in West 
Coast applications. It is a "real life" monitoring project. 
Conditions could not be controlled to result in a scientific 
comparison of systems, and the report does not purport to present 
objective rankings. Many interesting findings are highlighted with 
respect to ventilation system effectiveness, control strategies and 
operational factors nonetheless.
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.1 To design, install and field-prove selected ventilation 
strategies which could be adopted on a uniform basis by the 
Victoria Home Builders1 Association, B.C. Standards branch, 
local municipal inspectors and CMHC. Selected systems must be 
technically sound, cost effective, easily available, and 
acceptable to both builders and homeowners. Selected systems
were installed and tested in "typical" new homes.

.2 To demonstrate, measure and analyze the effectiveness of each 
different ventilation technology. Specifically:

i. To monitor costs and builder acceptability regarding 
installation, warranty and maintenance of various 
residential ventilation systems.

ii. To monitor homeowner acceptability with regard to cost, 
noise level, maintenance requirements, pollution control 
and homeowner educational requirements.

iii. To monitor and quantify air quality and determine each 
system's capability of achieving pollution control with 
respect to both building and occupant generated 
pollutants.

iv. To monitor each system's performance with respect to air 
quality achieved when operating at different ventilation 
rates. For all houses except the HRV, Aereco and 
Dedicated Air houses, these rates are defined by the B.C. 
Building Code; the high rate was equivalent to 0.3 air 
changes per hour (ACH) regulated by de-humidistat and the 
lower rate was equivalent to 0.15 ACH continuous. The HRV 
house was ventilated at rates common to HRV 
installations. The Aereco system is a variable air volume 
system and the Dedicated Air house was ventilated to the
0.15 ACH continuous, and according to CSA CAN F-326.

v. To estimate each system's energy consumption at each air 
flow rate.

vi. To present and recommend at least 3 technically sound 
and cost effective ventilation strategies for new, 
residential construction.

vii. To present and recommend at least 3 technically sound 
and cost effective ventilation strategies for retrofit 
application in problem houses.

viii. To compile a file, based on case studies, which outlines 
residential ventilation problems and possible solutions.

3.0 PROJECT OBJECTIVES
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4.0 BACKGROUND
4.1 Typical House Construction and Mechanical Systems
New residential construction in the southern Vancouver Island area 
is predominantly wood frame, single and two storey housing, resting 
on crawl space foundations or on slab-on-grade foundations. Crawl 
spaces are typically insulated around the perimeter, and heated to 
provide comfort to the uninsulated floor immediately above the 
crawl space enclosure. Alternatively, a small proportion of 
structures have unheated crawl spaces with insulated floors. It 
is required that unheated crawl spaces be ventilated to the 
outdoors, with protected openings sized at a ratio of 0.1 square 
meters ventilation per 50 square meters crawl space area. Typical 
slab on grade foundations are not insulated below grade. Homes 
with full basements are not common because of the close proximity 
of bedrock to the surface. Where basements do exist, it is not 
typical to provide any perimeter wall insulation, unless the 
basement is used as a living space.
Current insulation levels are typically RSI 3.5 in walls, RSI 4.9 
in attics, RSI 0.9 in heated crawl space perimeter walls, RSI 3.5 
in floors over unheated crawl spaces. If basements are insulated, 
typical insulations levels are RSI 2.1.
Windows are normally double glazed metal frame units. Better 
quality construction projects will include window units with a 
thermal break in the metal frame. Sliding windows without bug 
screen protection are typical and well accepted as adequate for 
the climatic conditions.
The air tightness of housing construction has been increasing over 
the past decade, and new housing is now subject to the 1987 British 
Columbia Building Code requirement for a continuous air barrier as 
defined in Subsection 9.26.5 of the 1985 National Building Code.
The energy supply for space heating is limited to oil, electricity, 
and wood. Forced air, oil fired furnaces were popular in the past, 
but electric baseboard heat has now captured the largest share of 
the new construction market. Forced air electric heat is unusual. 
Woodburning fireplaces or airtight wood stoves are common alternate 
heat sources. Natural gas is expected to be available on the 
Island by 1992.
Traditionally, ventilation air has been supplied through opening 
windows and by way of natural or mechanically induced infiltration. 
Because of the mild climate, many homes in the recent past did not 
include mechanical exhaust fans even in bathrooms, in favour of 
operable windows which provide for short term ventilation 
requirements. Where mechanically induced ventilation has been 
provided, it is limited to standard bathroom and kitchen exhaust 
fans.



Fireplaces have been a source of intermittent winter ventilation 
air because of the induced negative pressure created across the 
building envelope when the fireplace is operating. The typical 
fireplace chimney design places the uninsulated flue on an exterior 
wall. In this location, unless the fireplace is operating, the 
chimney is cold and does not provide a constant draft to assist in 
ventilating the home. Furthermore, since most new homes are 
heated with electric baseboard systems, no other chimneys are 
present to assist in providing a constant ventilation air exchange.
Temperature driven natural ventilation provided to newer houses is 
seen less than in other parts of Canada because of the mild 
climate. That is, the temperature difference between the interior 
and exterior environments is small for most of the year, and 
consequently "stack effect" induced ventilation is minimal. Wind 
induced ventilation is often reduced because of the protection 
provided by the trees typical to most residential areas. The older 
housing stock, however, was extremely leaky, as compared to the 
rest of the country and perhaps this has contributed to slow 
acceptance of newer ventilation technologies.

4.2 Ventilation Induced Problems
The combination of circumstances described above has created a 
housing stock of poorly ventilated homes, and homeowner perception 
of these problems as being the norm for this coastal climate.
Inadequate ventilation has caused structural and subassembly 
damage, most typically exhibited on interior surfaces as moisture 
damage at the ceiling/exterior wall junctions, beneath dripping 
window ledges, throughout bathroom interiors, and in cool, 
unventilated storage spaces. Deterioration of wood window frames 
is common.
Mold and mildew are common on window surfaces, in bathrooms and 
closets, most typically on cold exterior surfaces, along baseboards 
and in grouting around bathtubs and sinks. Mold and mildew odours 
are common in living levels which are partially below grade, in 
closets and storage areas where temperatures are low and 
ventilation is minimum. These types of concerns are often seen 
(although not exclusively) in electric baseboard houses having 
minimal ventilation, and can be further aggravated by high 
occupancy.
Downdrafting of fireplace chimneys is a common occurrence. Many 
of the older open door fireplace installations have been abandoned, 
or airtight woodstove inserts have been retrofit into these 
openings.
In homes without mechanical exhaust systems, ventilation during 
the summer months can be inadequate because of the reduction of 
natural infiltration. The ambient summer temperature hovers close
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to room temperature and there is little temperature difference to 
force air change through the stack effect. Wind speeds are also 
lowest during the summer months and less capable of contributing 
to natural infiltration.

4.3 Climate and Lifestyle
The Victoria area climate is described as a mild maritime climate. 
The normal degree days below 18 degrees Celsius are 3,115. The 
99th percentile design temperature is minus 7 degrees Celsius. 
Average relative humidity in the summer months is 79 percent, and 
average relative humidity in the winter months is 86 percent. The 
heating season extends from October through April and is generally 
mild with considerable cloudiness and periods of rain. A full 
description of the local climate is attached as Appendix 1, and 
includes meteorological data for two weather stations; the Victoria 
International Airport and at the Gonzales Heights locations.
Comfort levels in the homes are often maintained at cooler 
temperatures, with zone heating employed to increase temperatures 
only in the rooms where required. This situation allows for mold 
and mildew growth because of the temperature and condensed humidity 
conditions created in the unoccupied areas of the homes.
As described above, ventilation has traditionally been accomplished 
by a combination of minimal mechanical exhaust systems and operable 
windows. The current price of oil or electric heat (equivalent to 
$0.05 per kilowatt hour), reduces the desirability of providing 
constant ventilation through open doors or windows.
The concept of continuous, controlled ventilation has had limited 
exposure in this market place, other than in "high-tech” houses 
which have utilized heat recovery ventilators to provide continuous 
exhaust and fresh air supply.
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4.4 generic Ventilation System Description

Ventilation systems can be categorized as neutral pressure systems, 
positive pressure systems, or negative pressure systems.
Neutral pressure systems consist of two fans balanced so that equal 
volumes of air are moving in and out of the building enclosure, and 
the dual fan system is not inducing a significant positive or 
negative pressure across the building envelope. Heat recovery 
ventilators fit into this category. The primary advantage of this 
ventilation strategy is that the balanced fans will not interfere 
with the performance of other air consuming devices such as 
combustion equipment.
Negative pressure systems consist of one or more exhaust fans which 
withdraw air from the building enclosure and induce a negative 
pressure across the building envelope. This ventilation strategy 
is most typical in Canadian and local housing. Potential problems 
exist due to the negative pressure induced by the ventilation 
systems, which can potentially create spillage of combustion gases 
into the building enclosure or, in severe circumstances, backdraft 
the chimneys of combustion devices. Negative pressure across the 
building envelope is considered beneficial with respect to the 
building shell, because relatively dry exterior air is being pulled 
through the wall assemblies and absorbing any excess moisture 
existing in the wall cavities. The systems studied herein which 
fall within this category are as follows:

* Negative Crawlspace * Aereco
* BC Code * Wall Pipe
* Wall Inlet

N.B. See section 5 for detailed descriptions of the systems
studied.

Positive pressure systems consist of one or more fans which deliver 
fresh outdoor air to the building, thereby creating a positive 
pressure across the building envelope. This ventilation strategy 
is common in commercial construction, but not typical in 
residential construction. There is some concern that positive 
pressure across the building envelope may drive relatively wet 
indoor air into the exterior wall cavities and cause long term 
structural damage due to moisture condensation. Positive pressure 
systems are desirable in that they assist in establishing a 
positive draft through combustion appliances, and minimize 
discomfort associated with uncontrolled infiltration. The positive 
crawlspace system falls into this category, although the bathroom 
fans, Jenn-Air, central vacuum system, clothes drier and fireplace 
are more than capable of offsetting the positive pressure.
Air flow rates through any of the above ventilation systems fall 
into two generic categories:
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The first of these is a "constant flow" ventilation rate, in which 
a constant volume of air is moved through the fan(s) when it is 
in operation. All systems studied, excepting the Aereco system, 
fall into this category.
Constant flow systems do not necessarily operate continuously, and 
could have a high and low constant flow rate which can be operator 
selected depending on the ventilation requirement. An example of 
this system is the 1985 code requirement, whereby the code calls 
for exhaust fans capable of moving 0.5 air changes per hour based 
on the interior volume of the structure. All other Canadian 
precedents, as outlined below, are based on a constant volume 
strategy. The constant air flow strategy attempts to ensure 
adequate ventilation through the setting of standardized air change 
rates which are high enough to reduce all pollutants to a tolerable 
level. There is a concern that the air exchange requirements set 
for Canadian residential buildings are excessive, and that in the 
attempt to reduce all pollutants to a tolerable level (including 
building generated and human generated pollutants), excessive 
ventilation energy is used and relative humidity is reduced below 
the optimum comfort level.
The second air flow strategy is termed "proportional flow" or 
"variable air volume," in which a varying volume of air is moved 
through the fan(s) according to a self regulating mechanism which 
senses the needs of the immediate environment and adjusts the air 
volume accordingly. The only system currently available utilizing 
this strategy is the French "Aereco" system which uses interior 
humidity levels as the controlling variable to adjust the orifice 
openings of exhaust grilles and air inlet grilles. The 
proportional air flow strategy attempts to ensure adequate 
ventilation through a self regulating mechanism which, in the case 
of the French "Aereco" system, utilizes indoor humidity as the 
control variable which adjusts the air change rate.

4.5 Ventilation Rate Precedents

In October 1987, British Columbia adopted the mechanical 
ventilation requirements of Subsection 9.33.3 of the 1985 National 
Building Code. This code was amended in September, 1988.
Local municipal inspectors are interpreting and enforcing this code 
requirement differently in different jurisdictions.
Further complicating the interpretation of the 1985 National 
Building code are the other ventilation precedents also operating 
in the Victoria building community. These include the ventilation 
requirements for the R-2000 Program, the B.C. Hydro Quality Plus 
Program, the proposed DRAFT CAN/CSA-F326-M, and the French "Aereco" 
proportional negative pressure system. Summaries of the 
ventilation requirements for each of these precedents are included 
in Appendix 2.
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The ventilation systems were selected according to availability, 
the 1985 National Building Code requirements, or other ventilation 
strategy precedents as outlined in Appendix 2. Builder proposed 
solutions to the 1985 code requirements were tested as well as 
commercial systems such as the HRV and Aereco systems.
In order to monitor air quality at different air exchange rates, 
each ventilation system (except Aereco) was operated at least two 
different air flow rates. Air flow rates for each system were 
established by measurements on site to conform with the ventilation 
requirements outlined in Appendix 2. The French "Aereco" system is 
an exception in that it was monitored at its self adjusting air 
flow rate only.
The design of the air distribution ducting, exhaust and inlet 
openings varied from system to system, based on the demands of the 
specific systems and the requirements for distribution as described 
in the ventilation precedents in Appendix 2.
A description of each selected system is presented below with a 
partial summary of respective findings:

5.0 PROJECT VENTILATION SYSTEMS INFORMATION
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1. NEGATIVE CRAWL8PACE SYSTEM:
This installation follows the 1985 National Building Code 
requirements and consists of standard bathroom, utility and kitchen 
exhaust fans, with a combined nominal capability of exhausting 0.5 
air changes per hour. Makeup air was introduced to the crawlspace 
via open grills in the exterior walls.
Installation Cost: $360.00
Builder Acceptability: The cost aspect is positive, but the

marketability is questionable due to the 
image of the strategy as being primitive 
and the association with crawlspace 
odours, cleanliness etc.

Bomeowner Acceptability: High in this case. Heat was largely
provided by wood which was obtained at 
below market cost. It is expected that 
this strategy may cause concern with 
energy costs in other applications.

System Load: 7,408 ft3 of house volume / person
Ventilation Rates:

Air Quality Index:

Low: 0.15 ACH continuous.
DH: 0.3 ACH controlled by a de-humidistat

having a 50% RH setpoint.
l=poorest; 0.31=best see Appendix 3.
Low: 0.32 
DH: 0.31

Energy Cost: $0.08 / ft2 yr ; continuous at 0.15 ACH
Possible Applications: Single story, single family houses having

extremely airtight upper envelopes, dry 
crawlspaces, high constant occupancy, 
adequate tempering in crawlspace, and 
evenly placed exhaust fans.

Shortcomings: Lack of air volume control, particularly
in leaky houses. High energy costs. 
Combustion back-drafting must be 
prevented. It should be noted that 
emissions of radon gas are generally not 
considered to be a problem on Vancouver 
Island at this time.
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2. POSITIVE CRAWL6PACE SYSTEM:
This installation consists of a central makeup fan discharging into 
the crawlspace. Open registers in the crawlspace ceiling admit air 
to the living space.
Installation Cost: $450.00
Builder Acceptability: The cost aspect is positive, but the 

marketability is questionable due to the 
image of the strategy as being primitive 
and the association with crawlspace 
odours, cleanliness etc.

Hoasovner Acceptability: The same home was used for both crawlspace
tests. The homeowner appreciated that the

System Load:

delivery of air was more uniform and 
controllable with this strategy as opposed 
to the negative crawlspace.
7,408 ft3 / person

Ventilation Rates: Low: 0.15 ACH continuous.
DH: 0.3 ACH controlled by a de-humidistat

having a 50% RH setpoint.
Air Quality Index: l=poorest; 0.31=best see Appendix 3.

Low: 0.38
DH: 0.47

Energy Cost: $0.08 / ft2 yr ; continuous at 0.15 ACH
Possible Applications: Single story, single family houses with 

dry crawlspaces, adequate tempering in 
crawlspace, proper fan location re: noise, 
and evenly placed exhaust fans. There are 
some advantages for houses having 
combustion appliances.

Shortcomings: Possible wall condensation in houses 
having high generation of moisture.
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3. HRV, (Neutral Pressure system):
This installation consists of a commercial HRV. The minimum 
ventilation flow rate (50 cfm) was equivalent to 0.3 ACH. The 
maximum rate was equivalent to 0.7 ACH. These rates are twice the 
rates recommended by the B.C. Building Code, but they are realistic 
in view of the specifications of most commercially available HRVs.

installation cost: $1,860.00
Builder Acceptability: Acceptabi 1 ity has been growing as the 

system is perceived to be favoured by 
inspectors. These systems are usually 
installed by specialists who are seen as 
being somewhat responsible for IAQ in the 
house. HRVs are seen as a marketing plus 
due to an association with quality. Many 
installations have attic ducts and wall 
cavity branches which are positive from 
the perspective of aesthetics and space 
efficiency. Our poll of some 12 builders, 
however, indicates that half believe the 
system to be "overkill". The cost is seen 
as prohibitive by some.

Homeowner Acceptability: The homeowner was without opinion
concerning the effectiveness of this

System Load:
system versus any other.
Up to 977 ft3 / person + 12 birds in the 
second year.

Ventilation Rates: LOW: 0.31 ACH continuous.
HI: 0.71 ACH continuous.

Air Quality index: Isapoorest; 0.31=best see Appendix 3.
LOW: 1.0
HI: 0.64

Energy Cost: $0,046 / ft2 yr ; continuous at 0.31 ACH
Possible Applications: Most houses. There are some advantages 

for houses having combustion appliances. 
Proper installation and commissioning are 
very important.

Shortcomings: As with all systems studied herein, 
overall airflow is a fraction of forced 
warm air systems. Highly occupied rooms, 
or rooms containing above average 
contaminant concentrations, may not be 
adequately served. Filters, cores and 
air intakes require regular cleaning.
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4. "AERECO" Proportional Air Voluna Systems
This installation consists of a continuously operating central 
exhaust fan ducted to self-regulating exhaust air extraction 
grilles in the bathrooms. Makeup fresh air is introduced to the 
building via self-regulating inlet air diffusers which are inserted 
through the wall close to ceiling level. Each room has either a 
makeup air inlet or exhaust outlet.
installation Cost: $1,560.00
Builder Acceptability: The space efficiency and perception of

quality are positive aspects. Lack of 
familiarity with the system, combined with 
its relatively complex principle of 
operation and high price, hinder 
acceptabi1ity.

Homeowner Acceptability: The homeowners were satisfied with the
system and had no comments regarding its 
performance.

System Load: 2,733 ft3 / person
Ventilation Rate: approx. 0.18 ACH due to improper 

installation.
Air Quality Index:

Energy Cost:

1“poorest; 0.3l=best; see Appendix 3.
0.74 for entire monitoring period.
$0.07 / ft2 yr; based on cfm per %RH, 
and manufacturer's fan curve. Proper 
installation would have improved this 
cost.

Possible Applications: Most houses which do not contain
combustion appliances. Multi-family 
dwellings with conducive layouts may be 
economical installations. Proper 
installation, commissioning and 
maintenance are very important.

Shortcomings: All things being equal, cooler houses will
be ventilated more than warmer houses. 
Temperature setback energy savings can be 
reduced, and warm houses may not receive 
adequate air. Wind and stack effect can 
reduce ventilation to specific rooms. 
There is no provision for air filtration 
at this time.
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5. MINIMUM BC CODE SYSTEM:
This installation consists of common bathroom exhaust fans, with 
a wall penetration in the living area.
Installation Cost: $450.00
Builder Acceptability: This is the most commonly installed system

on Vancouver Island. The low cost is 
generally the most attractive aspect. 
Builders of custom homes often consider 
this strategy inadequate from a comfort, 
IAQ, and noise perspective.

Homeowner Acceptability: The homeowner found the house stuffy when
windows were closed, and found the 
bathrooms to be cold and drafty.

System Load: 3,069 ft3 / person; the house was often
unoccupied.

Ventilation Rates:

Air Quality Index:

Energy Cost:

Low: 0.15 ACH continuous.
DH: 0.3 ACH controlled by a de-humidistat

having a 50% RH setpoint.
Ispoorest; 0.3l=best see Appendix 3.
Low: 0.60 
DH: 0.69
$0.09/ft2 yr at 0.15 ACH continuous.
Fan wattage was much higher than that of 
the other systems.

Possible Applications: Large houses having low occupancy are the
most applicable sites.

Shortcomings: Air distribution is seldom ensured for
every room so moisture buildup, IAQ etc 
can be poor in areas. Fans are often 
noisy.
Houses containing combustion appliances 
often provide makeup air through a single 
wall penetration. If this penetration is 
plugged, ventilation is significantly 
compromised. Make-up can cause drafts. 
There is generally no provision for air 
filtration.
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6. WALL PIPE INLET SYSTEMS
This installation consists of a central exhaust fan ducted to the 
bathrooms. Makeup fresh air is introduced to the building via 
inlet air pipes. These pipes (rain water leader), duct air from 
the lower exterior wall to the upper interior wall level where the 
air is introduced into the building through a 3" equivalent 
diffuser. The pipes are fitted inside the insulation and outside 
the drywall surface in order to prewarm air before it enters the 
building. Each room has either a makeup air inlet or exhaust air
outlet.
Installation Cost: $600.00
Builder Acceptability: This option is seen as being low cost, 

but the extra feature of the pipes is 
questioned by some builders.

Homeowner Acceptability: The homeowners were satisfied with the
system and had no comments regarding its

System Load:
performance.
3,257 ft3 / person

Ventilation Rates: Low: 0.15 ACH continuous.
DH: 0.3 ACH controlled by a de-humidistat

having a 50% RH setpoint.
Air Quality Index: l=poorest; 0.3l*best see Appendix 3.

Low: 0.72 
DH: 0.76

Energy cost: $0.05 / ft2 at 0.15 ACH continuous.
Possible Applications: Large house or low occupancy house having 

combustion appliances and owners who are 
concerned with drafts.

Shortcomings: Infiltration, and therefore energy costs, 
can be high. Wind and stack effect can 
reduce ventilation to specific rooms. Fan 
location is important. Air filtration is 
not likely to be provided for.
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7. WALL INLET SYSTEMS
This installation consists of a central exhaust fan ducted to the 
bathrooms. Makeup fresh air is introduced to the building via 
inlet air diffusers which are inserted through the wall close to 
ceiling level. Each room has either a makeup air inlet or exhaust
outlet.
Installation Cost: $480.00
Builder Acceptability: Those concerned with the performance of 

the ventilation system see this as an 
improvement over the single penetration 
makeup scenario.

Homeowner Acceptability: The homeowners did not perceive any change 
in performance between the 2 modes of 
operation, but they felt that the house 
was stuffy when the windows were closed.

System Load: 2,733 ft3 / person.
Ventilation Rates: Low: 0.15 ACH continuous.

DH: 0.3 ACH controlled by a de-humidistat
having a 50% RH setpoint.

Air Quality Index: 1“poorest; 0.31=best see Appendix 3.
Low: 0.68
DH: 0.61

Energy Cost: $0.05 / ft2 yr ; at 0.15 ACH continuous.
Possible Applications: Large house or low occupancy house having 

combustion appliances.
Shortcomings: Infiltration, and therefore energy costs, 

can be high. Wind and stack effect can 
reduce ventilation to specific rooms. 
Make-up/infiltrated air can cause drafts. 
Fan location is important. Provision for 
air filtration is unlikely.
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8. "DEDICATED AIR" SYSTEM:
This installation consists of a standard HRV system with the 
capability of closing off the supply air to the living area at 
night (either automatically by a timer, or manually by a switch).
Installation Cost: $2,500.00
Builder Acceptability: This system is accepted primarily by 

builders who are involved and concerned 
with the ventilation issue. The added cost 
and complexity, however, serves as a 
deterrent in many cases. These systems 
are usually installed by specialists who 
are seen as being more responsible for 
IAQ in the house.

Homeowner Acceptability: The homeowner felt that both the low and
medium (low plus night dedicated air) flow

System Load:

rates were insufficient. He, therefore, 
felt that the added cost of dampers and 
a timeclock were not justified, 
particularly in view of his use of natural 
ventilation from windows.
3,983 ft3 / person.

Ventilation Rates: Low: 0.15 ACH continuous.
Low + DA: 0.15 ACH with living area air 

diverted to 4 bedrooms at night. 
High: 0.35 ACH continuous.

Air Quality Index: l=poorest; 0.3l=best; see Appendix 3. 
Low: 0.59
Low + DA: 0.64
High: 0.46

Energy Cost: $0.03 / ft2 yr ; continuous at 0.15 ACH
Possible Applications: Houses with residents who do not 

frequently use their windows, and/or who 
enjoy technology. Superior bedroom IAQ is 
the feature of this system.

Shortcomings: Added cost and complexity.
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6.0 DIflCPflfilOM
The following is a guide to interpreting the bar graphs contained
in this section.

ABBREVIATIONS: N.CR. Negative Crawlspace House.
P.CR. Positive Crawlspace House.
HRV Heat Recovery Ventilator House.
AERECO Aereco House.
CODE Minimum BC Code House.
W.PIPE House with Wall Cavity Pipes 

from outdoors to Room Air 
Inlets.

W.INLET House with Direct Thru-wall Air 
Inlets in each room.

DED.AIR Dedicated Air House.
GRAPH LAYOUTt There are 2 ventilation rates for all houses except 
the Aereco, which has one proportional mode of operation, and the 
Dedicated Air house, which has 3 modes of operation.
The graphs are arranged so that the first bar represents the data 
for the indicated house when the ventilation system was operating 
at the "low" ventilation rate (see below). The next bar to the 
right represents the situation at the "higher" rate.
Some graphs represent the data from the first year of monitoring, 
some represent the second year, and others represent both years.
VENTILATION RATES

N.CR. LOW =
HIGH *

0.15 ACH Continuous.
0.3 ACH Switched by 50% de-humidistat

P.CR. LOW = 
HIGH -

0.15 ACH Continuous.
0.3 ACH Switched by 50% de-humidistat

HRV LOW = 
HIGH =

0.31 ACH Continuous.
0.71 ACH Continuous.

AERECO Self adjusting.
CODE LOW - 

HIGH -
0.15 ACH Continuous.
0.3 ACH Switched by 50% de-humidistat

W.PIPE LOW =
HIGH =

0.15 ACH Continuous.
0.3 ACH Switched by 50% de-humidistat

W. INLET LOW « 
HIGH ”

0.15 ACH Continuous.
0.3 ACH Switched by 50% de-humidistat

DED.AIR LOW = 
MED = 
HIGH =

0.15 ACH Continuous.
0.15 ACH with air diverted at night. 
CAN F326 (0.35 ACH) Continuous.
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6.1 T«st Conditions
.1 The tests were carried out in a number of houses, including 2 

single family dwellings; one of which contained the dedicated 
air system (2nd year only), and one of which contained both 
crawlspace systems (1st year only). The other systems were 
installed in 5 attached townhouses which are owned by a non
profit society whose mandate is to provide affordable housing 
to native families. This society owns the units and rents them 
to its clients. These townhouses contained the following 
systems:

1. HRV 2. Aereco
3. B.C. Code 4. "Wall Pipe" Inlet
5. Wall Inlet

.2 Occupants of the townhouse units were not particularly involved 
in the project; the society entered into the monitoring 
agreement during construction and before tenancy was arranged. 
Some units were unoccupied during key portions of monitoring 
periods, windows were opened in units at random, and occupant 
response concerning system performance (appreciation or 
criticism) was very limited.

.3 The occupant of the minimum code townhouse did not sleep in the 
master bedroom for at least one night during its monitoring 
period. This was particularly unfortunate as this system was 
anticipated to be the least effective in providing ventilation 
to bedrooms. Occupancy in some other houses varied considerably.

.4 All the townhouses, except the HRV house, were monitored 
simultaneously. One of them (Wall Pipe Inlet) had its 
ventilation rates reversed ("de-humidistat" first instead of 
"low") as a check for trends caused by weather.

.5 Following the monitoring period it was discovered that the 
Aereco system had been improperly installed. The fan discharge 
was restricted by a 4" Whisper Grill, rather than having a 6" 
free discharge.

.6 Average weather conditions for the respective monitoring periods 
can be seen in Summary Chart of Project Results in Appendix 4.

6.2 Monitoring Results
Detailed data was collected concerning C02, temperature, and 
relative humidity for each year of monitoring. Formaldehyde levels 
were tested for each unit in the first year and in the two units 
where levels were the highest in the second year. Volatile 
organics and microbiological contaminants were sampled in the first 
year of the study only. Please refer to Appendices 10 & 11 for 
details.
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The overall performance of the houses, with respect to actual 
carbon dioxide levels, is represented by Figure 1. See Appendix 3 
for an explanation of the calculation of this index.

6.2.1 Indoor Air Quality Index

INDOOR RJR QURLITY INDEX ACTUAL C02 CONDITIONS Lou number = good IRQ

Figure 1.

UfiG Index
N.CR P.CR HRV AERECO)CODE U PIPE' INLET DEB. AIR

Types ol Systems
Lou vent rate first, high beside right

The smallest bars represent the lowest C02 levels over the entire 
monitoring period.
.1 The HRV "low” ventilation rate, despite being more than twice 

the rate of the other houses' "low" rates, shows the highest 
C02 levels. This is due to very high occupancy (see Figure 2).

SECOND VS*?
gggpCu.tt. per person

m t / pipe /flERECQMH.CODE INLET DED.R1R
Tv** of Systsu(Low first, H or DH beside to right)

Figure 2.
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.2 The "wall pipe inlet" system's high levels are largely due to 
the low run time of the fan during de-humidistat control. High 
space temperatures kept relative humidity levels lower than 
those of the other houses.

.3 The house containing the Aereco variable air volume system 
reported high C02 levels. It is believed that these 
concentrations would have been lower if the system had been 
installed to the manufacturer's specifications.

.4 The code house was kept considerably cooler than the other 
houses. This resulted in long fan run times during de-humidistat 
control. This house was occupied the least amount of time during 
the monitoring period.

.5 Average C02 levels exceeded ASHRAE1s suggested comfort level 
of 1,000 PPM in seven out of the forty monitoring periods over 
the two year study period.

.6 The overall relative humidity levels were lower during the 
second year of monitoring despite higher outdoor temperatures. 
This may reflect diminished "house drying."

.7 Mold formed on the exhaust grills of the Aereco, "BC Code," 
"wall pipe," and "wall inlet" houses by the second year. Mold 
was starting to form on the walls of the upper bathroom in the 
"wall inlet" house; perhaps a result of more frequent shower use 
than the other units.

.8 Formaldehyde levels dropped to undetectable ranges in the "HRV" 
and "wall pipe inlet" houses by the second year. This tends to 
support the premise that outgassing declines as a building ages.

6.2.2 Carbon Monoxide
The crawlspace house was the only house which contained any kind 
of combustion appliance. The excessive natural ventilation of this 
house resulted in the decision to not monitor it for the second 
year. See Appendix 4 for results of first year CO spot checks.
. i No CO problems were encountered in the crawlspace house.
.2 The reason for high CO in code house at 10:00 am on March 28, 

1989 is unknown. The owner's car was in very poor repair and 
the driveway is directly adjacent to the front door. Perhaps 
car warmup was the cause.

.3 The high CO readings at the other 3 Jacklin Road units occurred 
during the burning of leaves by neighbours.
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6.3 Mechanical Ventilation.
Figure 3 shows the rates of mechanical ventilation used for the 
study. These rates were set using either a thermal anemometer or 
a hood flow measurement device.

SECOND YEfiR

m CODE PIPE
RERECO INLET DED.RIR

Type crt System(Lou first, H or DH beside to right)

Figure 3.

tiech RCH

.1 The "HRV" house was ventilated at rates which reflect the 
average performance of common HRVs rather than any specific 
standard. The lowest rate was more than twice the minimum code 
requirement, and appears to have not been adequate for the 
application. As previously mentioned in 4.3, high occupancy 
appears to have influenced the HRVs performance.

.2 The "dedicated air" house "high" speed was based upon CSA F326 
requirements, which more than double the minimum requirements 
of the B.C. Code. The occupants found the higher rate to be 
acceptable, whereas the BC Code rate was unacceptable.

.3 No problems were reported concerning the tempering of makeup 
air. Members of the local industry, however, report that comfort 
problems and significant duct condensation occur in Victoria as 
a result of untempered makeup air.
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6.4 Overall Ventilation
.1 Almost all the houses in which tracer gas testing was performed 

showed overall ventilation rates which were almost twice the 
mechanical rate. The exception to this was the HRV house where
0.7 ACH was supposedly being supplied mechanically, but 0.5 
ACH was calculated from tracer gas decay. The reasons for this 
exception may be tighter envelope, duct leakage and short 
circuiting from supply outlets to return inlets.

.2 Decay tests for the crawlspace house took place while the 
house was in the positive pressure configuration (with 
crawlspace holes sealed) and while the fan was off. This 
house was not tight enough to allow a blower door test; the 
required negative pressure could not be reached. Decay test 
results show very similar overall airchange for the crawlspace 
house (with its fan off), and the HRV house (with its fan on 
high speed).

.3 The Aereco system demonstrated fairly uniform air delivery. 
It should be noted that the ACH measured during the decay test 
prior to occupancy was considerably lower than that of the 
other houses. It was discovered at the end of the monitoring 
that the system was effectively operating as a constant volume 
exhaust system at a rate of approximately 25 cfm. The design 
intent was for the system to modulate between 18 and 60 cfm. 
The ACH calculated from the manufacturer's literature for 
proper operation at average actual occupied conditions was 
very similar to those of the other houses, but the actual 
mechanical airchange was approximately 0.18 ACH (55% of what 
would occur with a system operating as per manufacturer•s 
specifications).

.4 The airchange in the "wall pipe" house was high,
according to the decay test. Air distribution was more 
uniform than that of the "wall inlet" house which showed 
higher ACH on the lower floor than the top. It is believed that 
the friction resistance of pipe air flow, the resistance of cold 
air to rise in a pipe and the resistance of warm air to flow 
down a pipe may reduce the uncontrolled infiltration associated 
with thru-wall penetration makeup air.

.5 It was noticed that the decision to open windows in the houses 
was often more a result of philosophy than pollutant 
concentration. The "HRV" house, for example, seldom had its 
windows open despite the very high C02 levels.

.6 Figure 2 shows the amount of gross living space per occupant 
of the houses during the second year of monitoring. The least 
dense house ("dedicated air") reported that the minimum code 
ventilation rate was not adequate when windows were shut.
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.7 Figure 4 shows that the "B.C. Code" house reported high CO, 
levels when in "low" ventilation (0.15 ACH continuous). To 
achieve 0.15 ACH, only one fan, located in the downstairs 
bathroom, was used and it had to be taped almost shut. The CO, 
sample point was in the second story hallway. Two tracer gas 
tests produced confusing results. It is believed that the seed 
gas was being drawn downstairs to the exhaust fan. This 
prevented uniform decay.

SECOND YEAR'S DATA MAIN AREAS
Percent time C02 exceeded 800

HRV CODE HALL UALLFERECO PIPE INLET DED.AIR
System TypesLa1 rate first, High rate beside (right)

Figure 4.

>800 ppm
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.8 Figures 1, 5, and 6 indicate that IAQ was generally better with 
constant ventilation than with de-humidistat ventilation in 
these houses. This is particularly true for warm houses.

SECOND YEAR'S DATA BEDROOM AREAS
Average C02 levels

HRV CODE WALL UALLAERECO PIPE INLET DED.AIR

Figure 5.

System TypesLou rate first. High rate beside (right?
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6.5 Badroom Vntila-bion
There is some concern that C02 levels may be excessive at 
night in bedrooms of houses which are ventilated to the code 
standard.
.1 Theoretical calculations indicate that a 225 square foot room 

which receives 5 cfm per person of outdoor air will reach C02 
levels of 2,016 ppm in 8 hours.

.2 Actual peak levels exceeded 1,000 PPM in every bedroom tested, 
and average levels,including daytime hours, exceeded 1,000 PPM 
in 4 of 13 bedrooms. See Figure 6.

SECOND YEAR'S DATA BEDROOM AREAS
Peak C02 levels

m CODE UALL WALLAERECO PIPE INLET DED.A1R
System TypesLou rate lirst. High rate beside (right)

.3 A further question is raised regarding multi-level houses 
having central exhaust fans and direct makeup air for each room 
through the building envelope: Are there conditions where
stack and wind effect significantly reduce ventilation?

.4 Air flow measurements indicated that the bedroom of the 
"Dedicated Air" house received 8 cfm during minimum ventilation 
(0.15 ACH total house), 12 cfm when the living area was shut off 
at night (0.15 ACH total house), and 20 cfm under CSA F326. It 
should be noted that the dedicated air rate (0.15 ACH with 
living areas closed at night) occurred over a weekend and higher 
C02 levels are likely a result of more continuous occupancy.
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6.6 Relative Humidity as Controlled Variable For Ventilation
.1 Monitoring results indicate that relative humidity can be 

determined more by indoor temperature than occupancy. The first 
year of monitoring in the "B.C. Code" and Mwall pipe inlet” 
houses demonstrate this. The occupants of the code house 
preferred cool temperatures (average - 18°C) and were not home 
during work days. The wall pipe inlet house was kept warm 
(average « 25°C) and was normally occupied. When ventilation was 
controlled by a de-humidistat set at 50% EH, the sparsely 
occupied code house fan was on 98% of the time while the 
occupied house fan was on only 12% of the time. See Appendix 5 
for real time C02/EH tracking.

.2 In houses where unoccupied temperature setback is practised, 
occupancy may reduce relative humidity due to the increase in 
temperature upon occupation. Carbon dioxide may track occupancy 
with greater accuracy than relative humidity. See Figures 7, 
8, and 9, for average temperature/EH relationships. See 
Appendix 5 for examples of the real time relationship between 
relative humidity and C02.

.3 Fan run time under de-humidistat control is influenced by the 
outdoor temperature. For example, using the 46 cfm rate from 
both the "B.C. Code" and "wall pipe inlet" houses in a 
theoretical calculation, makeup air at 15.5 deg.C and 80% EH 
brings over 19 ounces more water into the house each hour than 
makeup air at -1 deg.C and 90% EH.

SECOND 1ERR Bedroom Test Period Sensors located in halls

60
Celsius degrees ’ercent relative himdity

WV f CODE PIPE /®EC0 INLET IED.RIP

irv. m
IRv.Tenp

Figure 7.

8.
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6.7 Energry Ramifications of Ventilation Strategies
Figure 10 shows the relative annual operating costs, per square 
foot of floor area, associated with the ventilation systems studied 
herein. Details of this calculation are presented in Appendix 6.

VENTILATION RELATED ENERGY COSTS
S/CD-FT DPr up Sr

H.CR P.CR HRV RERECOCODE U PIPE U IHL D.AIR
VENT COST

Figure 10.

Types o< SystemsLou vent rate first, high beside n#it

.1 The results of the tracer gas tests (see Appendix 4 ) seem to 
indicate that the reported costs should be adjusted to reflect 
the added airchange brought about by uncontrolled envelope 
penetrations (crawlspace, wall pipe inlet, wall inlet systems, 
and, to a lesser degree, the Aereco system). The HRV and Code 
systems would likely not be as affected.

.2 De-humidistat control can be seen as an energy saver in most 
cases, however, this mode of control also provided the single 
highest cost (Code house). Space temperature is the determining 
factor. For example, if a house is at 21°C. and 49% RH as the 
people leave and set their thermostats back by 6 c.degrees, it 
could be at 15°C. and 72% RH when they arrive home. This assumes 
that the outdoor temperature is low enough and that the air is 
not changed in the house. Results from the monitoring of the 
"B.C. Code" house demonstrate that the effect is real.

.3 The size of the house is significant. The 2 houses containing 
HRVs demonstrate this. The "Dedicated Air" house is 3,000 ft7 
and shows a ventilation rate of 0.047 cfm/ft2 at 0.35 ACH, while 
the "HRV" house, at 1,220 ft2, shows a ventilation rate of 0.094 
cfm/ft2 at 0.31 ACH.
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.4 The difference in annual energy cost between the "dedicated air” 
house minimum rate and the "B.C. Code” house minimum rate is 
$0.065/ft2. This represents a $65.00 extra annual cost 
difference for a 1,000 ft2 code house. Estimating that there 
are 20 million ft2 (CMHC Victoria) of housing starts per year 
on Vancouver Island, this difference would represent 28 GWh/yr.

7.0 CONCLPSIOMS
7.1 General
Based upon Health and Welfare Canada's Exposure Guidelines for 
Residential Indoor Air Quality, no contaminant threshold limit 
values were exceeded in any of the houses monitored. The action 
level for formaldehyde was seen in the "HRV" and "wall pipe" houses 
during the first year of monitoring. Commonly recognized "comfort 
levels" for carbon monoxide (5 ppm) were exceeded in the Aereco, 
"BC Code" and "wall pipe" houses. Seven of forty monitoring periods 
reported had average C02 levels which exceeded ASHRAE's suggested 
comfort level of 1,000 PPM. Health and Welfare Canada1s relative 
humidity guideline (55%) was exceeded in 22 of the 40 test periods. 
The most highly ventilated home (HRV) came the closest to being a 
health concern with respect to C02. The main reason for this was 
its very high occupancy.
See Appendix 4 for a tabulation of results, and Appendix 5 for 
graphs of results.

7.2 Indoor Air Quality
. 1 High occupancy, as seen in the "HRV" house, can cause poor air 

quality in a house ventilated at twice the minimum code 
requirement.

.2 System effectiveness can be seriously compromised by common 
installation practices and air distribution design. The "HRV" 
and Aereco houses demonstrate this for complex systems, and the 
"B.C. Code" house does so for simple systems.

.3 A reduction in "house drying" may account for lower RH levels 
in the second year of monitoring.

.4 The reduction in formaldehyde levels by the second year may be 
the result of diminished offgasing.

.5 Relative humidity levels exceeded 70% in only one of forty 
monitoring periods. This would seem to indicate that there is 
no concern with relative humidity, but the sample location was 
in hallways and bathrooms showed signs of mold growth. Based on 
the fact that mold was occurring, we conclude that the low 
ventilation rate (0.15 ACH), which the houses were operating at 
throughout the year, is not adequate. Furthermore, the proper 
location of a control de-humidistat would be important to the 
success of that control mode.
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7.3 Carbon Monoxide
.1 Mo serious concerns arose throughout the course of this work, 

but the only house containing combustion appliances was very 
leaky, and it was monitored for only one year. In view of the 
above, it is difficult to draw meaningful conclusions about CO 
and its prevalence with certain ventilation systems.

.2 The location of plumbing and flue stacks, exhaust discharge, 
and parking (even open driveways), should be considered when 
choosing the location of makeup inlets.

7.4 Mechanical Ventilation.
.1 The "dedicated air" house "high" speed was based upon CSA F326 

requirements, and more than doubled the minimum requirements of 
the B.C. Code.

.2 The volumes of air and methods of delivery specified by the 
current BC Code can easily result in under-ventilation of 
specific rooms in houses. C02 levels were high in almost all
bedrooms. To have a relatively high confidence in the air 
quality throughout a house, makeup air should be delivered to, 
or exhaust air be taken from, each room in a house continuously. 
Furthermore, it is concluded that the quantity of air be 
specified at higher rates than presently required by the code. 
See Appendix 7 for schematic drawings of recommended systems.

.3 Although no carbon monoxide or combustion gas problems were 
encountered in this work, common sense dictates that negative 
pressures in excess of 5 Pa should be prevented, through 
ventilation design, in houses with spillage susceptible 
combustion appliances.

.4 Development of certification for installers and/or 
inspection/commissioning of systems would improve actual 
ventilation performance, particularly for the more sophisticated 
systems.

.5 Use of the dedicated air approach (closing air to the living 
areas during the night) resulted in a 50% increase in the amount 
of air delivered to the bedroom. Although this was not noticed 
by the occupants, probably due to the overall low air quantity, 
the principle is proven to be effective.
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i
.6 De-humidistat fan control can result in poor air quality in warm 

houses. De-humidistat fan control can result in high energy 
consumption in cool houses.

.7 Houses which do not contain fully distributed ventilation 
systems (balanced per room) and where special attention has not 
been paid to the location of both exhaust and makeup, can 
contain poorly ventilated areas.

• 8 Houses which rely on a single point of exhaust draw larger 
volumes of "contaminated" air to that point than are seen at 
any point in comparable houses having multiple exhaust points. 
See 6.4.7.

.9 Single point of admission of outdoor air with ducted 
distribution, is favoured, over one inlet per room, for its 
potential advantages in tempering, filtration, and controlled 
infiltration. If the exhaust discharge is located on the same 
orientation, with adequate clearance to prevent re-entry of 
exhaust air, the effects of wind can be lessened. The "wall 
pipe" technique, used in the study, can be used with the single 
point of entry to maximize tempering.

.10 Systems should be designed, or at least be approved, by 
trained, third party designers who will choose the appropriate 
system based on site (ground moisture, wind, solar exposure 
etc.), the application (multi-family/single family, high 
occupancy and so on), use of combustion appliances, and floor 
plan.

.11 The arrival of natural gas service to Vancouver Island is 
likely to result in a marked increase in the use of forced warm 
air systems.

.12 Improved pricing for developments in CO, control, occupancy 
detection, variable air volume, ventilation options for 
hydronic and electric baseboard systems, fan noise abatement, 
and combustion appliance interlocking will continue to 
increase the capabilities and complexity of residential 
ventilation.
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.13 The range of installation costs for the systems outlined in 
Section 5 is $450 to $2,500. Whether the added cost of the 
sophisticated systems is justified is a widely debated topic. 
Similarly, there is debate over whether it is the individual's 
responsibility, or an agency's responsibility, to ensure 
healthy environments in private residences. This report is 
promoting practices which will help ensure good air quality in 
houses. The effects of energy efficiency on the province's 
electrical generating capacity (see section 6.7.4), and the 
effects of gas and oil furnaces on global warming should also 
be considered.

SECOND mi
Installation Cost .Dollars

Figure 11.

Ilnst.Cost
CODE PIPERERECO INLET DED.RIR

Type ot System(Lou first, H or DH beside to right)

7.5 Overall ventilation
.1 The positive crawlspace system provided more controlled 

ventilation (less infiltration) than the negative crawlspace 
system.

.2 Mechanical ventilation, as measured at the fan, can be 
significantly less than effective ventilation in the space. Duct 
leakage, short circuiting from supply to exhaust grills, and 
undistributed systems can contribute to this.

.3 Undistributed systems having single or multiple wall 
penetrations can result in high infiltration rates which vary 
with wind and temperature conditions. Highly visible "straight 
through-wall" inlets are often plugged by occupants who are 
concerned with draughts or energy costs.
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7.6 Bnarov Ram^ffcftlona Associated with Ventilation svatema
.1 The simple calculation of fan and heat energy associated with 

mechanical ventilation does not tell the whole story. The impact 
that these systems have on natural ventilation should also be 
considered. The type, location and size of makeup air inlets, 
for example, is important.

.2 De-humidistat control results in considerable cost savings over 
continuous fan operation for dwellings maintained at occupied 
temperatures. Houses where lengthy setbacks occur, and/or where 
occupied temperatures are low, however, can be over-ventilated 
and have higher energy costs.

.3 Based on the calculated difference in annual energy cost between 
the "dedicated air" house minimum rate, and the "B.C. Code" 
house minimum rate, and an estimate of 20 million ft2 of housing 
starts per year on Vancouver Island (CMHC Victoria), up to 28 
GWh/yr extra consumption would result from the installation of 
all minimum "BC Code" systems, as opposed to all HRV, if all 
heating was electric. This extra consumption is enough to 
provide the complete energy needs of approximately 1,100 Quality 
Plus houses; each containing a family of 4.
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AHW1L HETEOBOLOOnUL SOMHAHZ FOB - 7ICTORIA, B. C

CLIMATE ^g® 3
Tletorifc, B. 0* ©ajoys m aild, naritlae ell ante. Situated as it is on 

the southeastern tip of Vancouver Island, it is hounded by vater on the south 
and east. Joan de Fhca Strait, sene 18 ailes vide, to the south of Victoria, 
lies betveesi southern Vancouver Island and Washington State, U® S. A® Haro 
Strait, the Gulf Islands and the Strait of Georgia lie to the northeast be
tween eastern Vancouver Island and the mainland.

The Olympic Mountain Bangs in Washington, some 25 to 30 miles to the 
south, rises sharply to 4000 to 5000 feet with Mount Angeles at a height of 
6500 feet and Mount Olympus at 7913 feet® This range of mountains tends to 
shelter us from the major precipitation effects of many Pacific storms, since 
moisture laden air, from a southerly direction, may be dried considerably in 
passing northward across the mountain barrier, to produce a rain shadow across 
this region® Some increasing in shower activity results over the area when cool 
moist sir from the northwest is forced to rise on the northern slopes of this 
mountain range®

A lover range of hills or mountains on southern Vancouver Island ranging 
from 1000 to 3000 feet give protection from moist westerly winds from the Pacific 
Ocean with the air being dried considerably as it drops much of its moisture on 
the windward or western slopes.

Normally this area is under the influence of a mild westerly circulation 
of air from the Paeifio Ocean which in sunmer gives rise to pleasantly warm 
weather with abundant sunshine and some showery periods, while in the winter 
provides generally mUd weather with considerable cloudiness and periods of rain. 
However periods of northerly winds in sussser gives rise to clear hot weather, 
while these winds in winter keep the weather cool and mostly cloudy, Masses of 
very cold continental Arctic air, which from time to time pour southward into 
the interior of British Columbia and the Prairie Provinces, very infrequently 
reach Vietoria, during the winter season® These outbreaks of cold, dry air are 
accompanied by a period of snow and strong northeasterly winds and followed by 
clearing and much oolder weather® This is normally followed within a few days 
by a trend to milder weather with snow changing rapidly to rain as the temp
eratures rise with the arrival of the milder air from the Pacific Ocean. The 
highest temperature recorded during the suamter has been 95®2 degrees on July 17,

■ 1941 while the lowest winter temperature has been 3.8 decrees on December 29, 1968.
Extremely low humidities sre not common but do occur with the warm dry 

northerly winds for short periods in the summer and the cool dry Arctic air 
which infrequently invades this area in the winter® Average relative humidity 
for Victoria in the summer months is 79 percent and In winter 86 percent.

The prevailing wind direction, as determined by the number of hours the 
wind blows from each direction, is from the North, during the months of October 
through to February, and from the Southwest during the period May to September, 
and from the Vest during March and April® Winds of gale force from the South
east and Southwest, preceding and following Paeifio storms onto the eoest, are 
quite eoBBon in the winter months while a sea breeze from the Southwest is 
wyfnmnn during the stumer afternoons.
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ANM7AL METEOROLOGICH. SUHMAH7 FOR - VICTORIA, B. C

CLIMATE (continued)
The cooling effect of this sea breeze is felt at Gonzales Observatory 

and along the southern shoreline of Victoria, and to a lesser degree north
ward away froa the shoreline. Therefore temperatures experienced here with 
the afternoon sea breeze will be lower than those further Inland from the 
water and the extent will depend upon the strength of the resultant pene
tration of the cooler air over the land areas.

With northerly winds, air reaches this observing point after passing 
over the land area to our north. Therefore temperatures as recorded here 
with northerly winds are representative of the Greater Victoria area. With 
clear skies and light winds at night, the cooling air collects in low lying 
more sheltered areas and temperatures are normally much lover in these areas 
than they are at the Observatory. The mixing and stirring of the air produced 
by the wind tends to minimise the temperature difference under stronger wind 
conditions. Therefore temperature observations taken in more sheltered areas 
of Victoria tend to be higher on the average during the summer months and 
lover during the winter months, than those recorded here. However over the 
year, the average temperature for all stations is near 50 degrees.

Victoria has the highest average number of hours of bright sunshine 
in British Columbia and one of the highest in Canada. Its average of Just 
over 2200 hours of sunshine is exceeded by less than 100 hours by several
stations on the southern prairies.

Patches of fog form fkom time to time, in low lying areas, during 
the Fall and Vinter seasons but widespread heavy fog occurs very infrequently. 
During the Summer months banks of fog form in a northwesterly circulation of
air along the Vest Coast of Vancouver Island, drift eastward through Juan de 
FUea Strait and may invade the Victoria shoreline in the morning hours and
retreat from the shoreline during the day.

«
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VICTORIA. IKTERKATIONAL AIRPORTi&iteau* YEAR asnEE 1987
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<maiAE MET^OnOt-OGlQuE AMNUEL

VICTORIA mURMATIOHAL AIRPORT veahiann^E: 198?
MCTEO«KH.OGtCAL OATA EON YMt TEAM I DONNIES M^TEOHOLOGtOOE POUR L'ANNEE
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JUUJUIL 36.1 1941 4.1 1979 19.1 1958 14.4 1955 49.8 1966 MU 1958
aug/aoCt) 34.h I960 4.4 1973 18.0 1942 14.5 1973 96.5 1975 HU 1986
strr/stp 31.1 1955 -1.1 1972 15.9 1957 11.9 1972 86.4 1959 1.8 1987 TR 1972
OCT/OCT 27.6 1987 -4.4 1956 12.1 1944 8.1 1949 207.3 1975 13.6 1987 TR 1984
NOV/NOV 18.5 1975 -13.3 1955 8.9 1949 0.7 1985 267.0 1955 29.0 1943 45.6' 1985
osc/Dic 16.1 1940* -14.4 1964* 6.3 1950 1.1 1961 294.9 1972 22.9 1985 74.7 1968

YEAR
ANNEE 36.1 Jul

1941 -15.6 Jan
1950 19.1 Jol

1958 -4.4 Jan
1950 358.9 Jan

1953 Nil Jul
1958* 81.5 Jan

1950
KRIOO OF RECOftO^CfllOO OE REGISTRE: 19^1 “ 198?P « fedieates first ef aers than ene oeeorrsnes/Indiqus !• prsmisr d© plusisors
ter/pou, VICTORIA IMTE3NATID11AL AIRPORT ________ veahmnnee: 198?

MONTHLY AND ANNUAL OEGREE’OAYS/OEGRiSUOURS MENSUELS IT ANNUELS

MONTH
MOIS

DEGREE

5 *c
•DAYS ABOV

18 *c
IE/OEGRESnJ

•c
lOURSAUOf

•c
ISSUSOE

•c
DEGREES

18 *C

JAYS BELOV
*C

//OEGRESUC

*c
HJRS AU DE9

•c
ESOUSOE

•c

JAN/JAN
PEB/PEV
MAR/MAR
AfR/AVR
MAY/MAI
JUN/JUIN
JUL/JUIL
AUG/AOUT
SEP/SEf
OCT/OCT
NOV/NOV
OEC/OEC

24.9
47.6
73.5137.8
229.3294.4 
347.7
357.5
293.9
186.5 
76.2 
22.2

2.6
5.16.8
5.1

-

425.0
325.9 
341.3 254.2
173.7
97.2 
60.4
52.3
101.1 
219.1
318.9
450.8

YEAR
ANNEE 2091.5 19.6 2819.9
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METEOROLOGICAL DATA FOR THE YEAR / OONNEES METEOROLOGIQUE FOUR L’ANN^E
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B.C. BUILDING CODE 1985

FIRST REVISIONS
SEPTEMBER 1988

• SUBSECTION 9.33.3. MECHANICAL VENTILATION
(See Appendix A.)

Mechanical 9.33.3.1. Except as required in Article 9.33.3.2., dwelling units 
ventilation shall have a mechanical ventilation system capable of providing, 
requirements during the heating season, at least 0.5 air change per hour or 

according to Table 9.33.3.A.

9.33.3.2. Mechanical ventilation systems in dwelling units 
designed in accordance to Part 6 to distribute ventilation air to or 
from all habitable rooms, but excluding such rooms as storage, 
foyer, laundry or mechanical rooms, shall be capable of providing, 
during the heating season, not less than 0.3 air change per hour or 
according to Table 9.33.3.A.

9.33.3.3. The rate of air change in Articles 9.33.3.1. and
9.333.2., and Table 9.33.3.A shall be based on the total interior 
volume of all storeys including the basement and heated crawl 
spaces, but excluding any attached or built-in garage.

Table 9.33.3.A.
Forming Part of Articles 9.33.3.1. and 9.33.3.2.

MINIMUM REQUIRED VENTILATION RATE

Max. Toul 
Interior

Max. Total Root 
Area*1) Based On

Minimum Ventilation Rate

Volume*1^, Standard 2.44 m 0.5 Air Change 03 Air Change
m? Ceiling Height, m1 per Hour, L/s per Hour, L/s

122 50 17 10
146 60 20 12
171 70 24 14
195 80 27 16
220 90 31 18
244 100 34 20
366 150 51 31
488 200 68 41
610 250 85 51
732 300 102 61
975 400 137 82
1219 500 171 102
1463 600 205 123

Column 1 2 3 4

Notes to Table 9.33.3.A.:
0) For rooms or spaces to be included or excluded see Article 9.33.3.3. 
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SEPTEMBER 1988

Rooms or
spaces
without
natural
ventilation

9.33.3.4. Where a habitable room or space in a dwelling unit is 
not provided with natural ventilation described in Article 9.33.1.5h 
mechanical ventilation shall be provided to that room Or space that is 
capable of providing 0.5 air change per hour if the room or space B 
mechanically cooled in summer, and 1.0 air change per hour if it is 
not.
(See Appendix A.)

Automatic 9.33.3.5. A portion of the ventilation rate required by Ankles 
or 9.33.3.1. and 9.33.3.2. shall be controlled automatically by a
continuous centrally located dehumidistat, or be provided by a continuously 
operation operating fan during the heating season. This portion of ventilation 

rate shall conform to Table 9.333.B. (See Appendix A.)

Table 9.33.3.B. 
Forming Part of 9.333.5.

MINIMUM REQUIRED VENTILATION RATE CONTROLLED
AUTOMATICALLY OR PROVIDED CONTINUOUSLY

Max. Total Max. Total Floor
Interior Area*1) Based On Minimum Minimum

Volume*1), Standard 2.44 m Ventilation Rate, Ventilation Rate.
m3 Ceiling Height, Controlled Provided

m? Automatically, L/s Continuously, L/s

244 100 20 10
366 150 30 15
488 200 40 20
732 300 40 30

975 and over 400 and over 40 40

Column 1 2 3 4

Notes to Table 933.3.A.:
For rooms or spaces to be included or excluded see Article 9.33.3.3.

9.33.3.6. Except as provided for in Subsection 933.4. or as 
otherwise stated in this Subsection, mechanical ventilation shall 
conform to the requirements of Part 6.

13



B.C. BUILDING CODE 1985

FIRST REVISIONS
SEPTEMBER 1988 W

Make-up Air 9.33.3.7. Except as provided in Articles 9.33.3.8. and
9.33.3.14., mechanical ventilation systems for dwelling units shall 
include provision for introduction of fresh make-up air from the 
exterior for the ventilation rate controlled automatically or provided 
continuously as described in Article 9.33.3.5.

Make-up Air 9.33.3.8. Make-up air as described in Articles 9.33.3.7. and 
not required 9.33.3.13. is not required, if the dwelling unit does not contain a 

naturally-aspirating fuel-fired heating appliance, or if all fuel-fired 
appliances are isolated Grom the dwelling unit atmosphere. 
Acceptable appliances include induced draft or sealed furnaces, gas 
fireplaces and hot water tanks, with combustion air directly from 
outside and with sealed flues; or fireplaces and space heaters that are 
equipped with tight-fitting, gasketed doors with all air supply 
requirements directly from the outside into the firebox.

Make-up Air 9.33.3.9. Make-up air shall be tempered as described in Articles 
tempered 9.33.3.10. to 9.33.3.12.

9.33.3.1®. For locations with winter design temperature not less 
than -10°C make-up air may be tempered by being supplied by 
ducting into secondary areas such as utility or storage rooms, by 
specially designed individual room or space through-wall diffusers, 
by methods described in Article 9.33.3.11., or by other acceptable 
methods.

9.33.3.11. For locations with winter design temperature less 
than -10® C make-up air may be tempered by being supplied through 
a forced air heating system as described in Article 9.33.3.12., by 
heating/fan unit, by heat recovery ventilator, or by other acceptable 
methods.

Make-up Air 9.33.3.12. Make-up air tempered through forced-air heating 
tempered by systems shall be provided by a duct connected to the return-air 
forced-air plenum. The make-up air duct shall be at least 100 mm diam or an
heating equivalent combined duct with the furnace air supply. The make up
systems air duct shall be provided with a motorized damper that is interlocked 

with the exhaust fan controlled by the dehumidistat so that the 
exhaust fan only operates when the damper is in the open position. 
The dehumidistat shall also be interlocked with the furnace air 
circulating fan so that the furnace fan will operate when the exhaust 
fan is on and the damper is open.
( See Example (c) in A-9J3.3.) w

B.C. BUILDING CODE 1985

FIRST REVISIONS
________ SEPTEMBER 1988w

Make-up air 
for other 
exhaust 
appliances

9.33.3.13. Except as described in Article 9.33.3.8., addition 
separate make-up air for the entire capacity shall be provided f 
other exhaust appliances installed in the dwelling unit with a fate 
exhaust capacity exceeding 0.5 air change per hour, or according 
Table 9.33.3.A. Non-forced make-up air shall conform to Tab
933.4.4. for the rates indicated, otherwise the make-up air shall 
provided by a fan-forced unit of equivalent capacity interlocked wi 
the exhaust appliance.

Combination 9.33.3.14. A naturally-aspirating forced air heating syste 
forced air/ serving a maximum total heated floor area of 460 m2 is acceptab 
ventilation u providing the ventilation requirements, if the system is capat
sytem of providing at least 0.3 air changes per hour during its heath

operation or has an air supply according to Table 9.33.3 .C. T1 
system shall have a ventilation rate controlled automatically o 
provided continuously by the furnace air circulating fan as requir 
by Article 9.33.3.5., and have the required air supply according 
Table 9.33.3.C., provided directly to the retum-air plenum.
(See Example (b) in A-9.33.3.)

Table 9.33.3.C. 
Forming Part of 9.33.3.14.

MINIMUM AH 
COMBINATION

R SUPPLY DUCT® DIAMETER FOR A 
FORCED AIR/VENTILATION SYSTEM

Max. Total Interior Max.Total Root Area® Minimum Air Supply
Volume®, Based On Standard Duct® Diameter, mm

m3 2.44 m Ceiling Height. 
ro2

536 220 100
805 330 125
1122 460 150

Column 1 2 3

Notes to Table 9.33.3.C.:
^ The air supply duct has been sized for one duct to provide both for the air 
supply as required by the furnace installation code and for the ventilation air 
required by this Subsection.
(2) For rooms or spaces to be included or excluded tee Article 9.33.3.3.

15



B.C. BUILDING CODE 1985
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9.33.3.15. Special purpose air exhausting equipment such as 
central vacuum cleaning systems, downdraft cook tops and clothes 
dryers shall not be included in calculating the capacity of the 
ventilation system.

9.33.3.16. Systems designed to provide combustion and/or 
dilution air for fuel-burning appliances shall not be used to supply 
make-up air for the ventilation systems unless their capacity is 
sufficient to serve both functions simultaneously. An acceptable
combination system includes a forced air heating system as described
in Article 9.33.3.14.

)und rating 9.33.3.17. Wall and ceiling fans required by Article 9.33.3.5. to 
be controlled automatically or operate continuously, shall be rated
by the manufacturer not to exceed a sound level of 60 dBA or 2.5
Sones.

xhaust 9.33.3.18. Exhaust ducts shall discharge directly to the outdoors, 
jets Where the exhaust duct passes through or is adjacent to unheated

space, the duct shall be insulated to prevent moisture condensation
in die duct.

ccess to 9.33.3.19. Ventilation equipment shall be accessible for 
entilation inspection, maintenance, repair and cleaning. Except where the 
luipment kitchen exhaust grille is located at least 1.2 m horizontally from the 

range, kitchen exhaust ducts shall be designed and insulted so that
the entire duct can be cleaned where the duct is not equipped with a
filter at the intake mid.

ir intake 9.33.3.20. Outdoor air intake and exhaust outleu shall be
lield shielded from weather and insects. Shielding from insects for

ventilating equipment may be by an accessible filter at the 
equipment and by a 6 mm mesh screen at the intake or exhaust hood. 
Screening if used Shall be of rust-proof material.

net 9.33.3.21. Ventilating ducts shall conform to the requirements
quirements of Part 6 for supply ducts, except exhaust ducts that serve only a 

bathroom or water-closet room may be of combustible material
provided the duct is reasonably air tight and constructed of a material 
impervious to water.

'oors 9.33.3.22. Interior doors for dwelling units shall be undercut a
idercut minimum of 12 mm or the rooms shall be provided with a grille of

an equivalent area.
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• SUBSECTION 9.33.4. BASIC MECHANICAL
VENTILATION SYSTEM 

(See Appendix A and Example (a) in A-9J3.4.)

General 9.33.4.1. A basic mechanical ventilation systftm shall comply 
with the requirements in Article 9.33.3.1. and shall consist of on# 
or more exhaust fans, without an air circulating ductwork system. 
The exhaust fans shall be located in some or all of the kitchetH 
and bathrooms. The ventilation system shall conform to the 
appropriate requirements of Subsection 9.33.3., eftcept the system 
need not conform to Part 6.

Exhaust 9.33.4.2. The exhaust fans required in Article 9.33.4.1. shall
fan be rated for sound as required in Article 9.33.3.17. and controlled

automatically by a dehumidistat as required in Article 9.333.5.

System 9.33.4.3. The mechanical ventilation capacity of the exhaust 
capacity fans in Article 9.33.4.1. shall be assumed as the total of the 

individual fans, rated by the manufacturer at a differential pressure 
of at least 50 Pa. The exhaust duct size shall conform to Table
9.33.4.A.

Table 9.33.4.A. 
Forming Part of Article 933.4.3.

EXHAUST DUCT(t) SIZE FOR A BASIC 
VENTILATION SYSTEM IN SUBSECTION 933.4.

Maximum Exhaust Fan Min. Exhaust DuctO) Dia,

Ventilation Rate, Us Smooth Duct Flexible Duct

10 75 100
25 100 125
45 125 150
70 150 175

Column 1 2 3

Notes to Table 9.33.4.A.:
0) The exhaust ducu shall not exceed 15 m in length or have more than twe 
90s elbows, otherwise the duct shall be increased to the next diameter size.

17
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SEPTEMBER 1988

fake-up 9.33.4.4. Make-up air shall be provided for the ventilation rate 
ir controlled automatically or provided continuously as described in

Article 9.33.3.5. and shall conform with Articles 9.33.3.7. to 
9.33.3.11. The non-forced air opening size for make-up air for a basic 
ventilation system as provided for in this Subsection shall conform 
to Table 9.33.4.B. Forced make-up air equipment shall be rated by the 
manufacturer to provide for the required air flow rate.

Table 9.33.4.B. 
Forming Part of Article 9.33.4.B.

MAKE-UP AIR OPENING SIZE FOR A BASIC
VENTILATION SYSTEM IN SUBSECTION 9.33.4.

Maximum
Ventilation Rate Minumum Make-up Air Duct

Controlled
Automatically or

Provided Vent Area, cm2 Diam, mm
Continuously, Us

8 47 80
12 66 90
15 85 100
17 95 110
20 114 120
25 142 130
30 170 150
35 199 160
40 227 170
45 255 180
50 284 190
55 312 200
60 340 210

Column 1 2 3

18
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Page Reference Revision

400 9.34.1.7. In the fourth line change: “0.018 m^" to
"100 mm diam or equivalent area".

403 9.35.1.5. & Add new Articles:
9.35.1.6. 9.35.1.5. Except as required in Article

9.35.1.6.. electrical wiring and cablet 
installed in buildings permitted to be of 
combustible construction shall conform to 
Sentence 3.1.4.1.(3).

9.35.1.6. Where a concealed space in a 
floor or ceiling assembly is used as a plenum, 
electrical wiring and cables within the plenum 
shall conform to Clause 3.5.4.3.(l)(a).

W
| 457 Appendix A Add new note:

A>3.1.4.1.(3)(d)(i) The term raceway is 
defined in CSA C22.1, "Canadian Electrical 
Code. Part 1" and includes both rigid and 
flexible conduit.

• 492 Appendix A Add new Note:
A-9.6.6.4. Hinge and Strlkeplata 
Fastening. When hinges and strikeplates
are installed they must fasten into solid wood. 
Screws should be sufficiently long to either 
pass through a thin door jamb, cross a 
shimmed back space and penetrate at least 25 
mm into structural framing of. in the case of a 
door with a sidelight where the mullion may 
be the structural component, penetrate at least 
25 mm into the mullion.

u
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SEPTEMBER 1988 

Page Reference Revision

492 Appendix A A-9.7.2.1. Windows. The CS A
Standard CAN3-A440, "Windows", includes a 
window classification system that rates the 
assembly according to air leakage, water 
leakage and wind load resistance, the ratings, 
shown below, are marked on the window and 
indicate the level of performance that can be 
expected. Units can then be selected which 
are most appropriate for the design 
conditions.
Air Leakage
A1-intended for use primarily in low-rise 
residential (i.e. building of 3 storeys or less 
and having an area not exceeding 600 m2), 
industrial, and light commercial use. 
A2-intended for use primarily in medium-to 
high-rise residential, institutional, and 
commercial use.
A3-intended for use in high-performance 
institutional and commercial applications. 
Water Leakage 
Bl-moderate climatic conditions 
B2-severe climatic conditions 
B3-extreme climatic conditions 
Wind Resistance 
Cl-lowest wind load resistance 
C2-medium wind load resistance 
C3-highest wind load resistance 
Article 9.7.2.1. has specified the lowest 
grades since the NBC is a collection of 
minimum requirements only. Designers or 
builders may wish to consider windows with 
higher ratings depending on the height of 
buildings, climatic conditions and occupancy 
classification.

n
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Page Reference

501 Appendix A

Revision

Delete all existing Appendix Notes 
Subsection 9.33.3. and substitute I 
following:

A-9.33.3. A A-9.33.4* Mechanic 
Ventilation. Subsection 9.33.3. conta 
the general requirements for mechanh 
ventilation systems for dwelling units, 
also references Part 6 for the design of l 
ventilation systems, except for the "Ba 
Mechanical Ventilation System" described 
Subsection 9.33.4. Part 6 ih turn requit 
good engineering practice, such as found 
ASHRAE handbooks and KRAI Digest for s 
design of ventilation systems.

Subsection 9.33.4. "Basic Mechanic 
Ventilation System”, contains the spec! 
requirements for the installation a 
verification of a simple ventilation syste 
utilizing exhaust fans and make-up air 
required.

The following examples illustrate differ* 
ventilation systems and how the requiremei 
can be satisfied depending on the heati 
system used. The house used in the 
examples has two storeys with 100 m2 | 
floor and contains an open fireplace.

21
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Example (a): shows the Basic Mechanical Ventilation System as described
in Subsection 9.33.4., this can be used with any heating system. For this 
example the following would apply:

1. 9.33.4.1. - 0.5 air changes per hour or from Table 9.33.3.A. for
200 a minimum ventilation rate of 68 L/s is 
required, this is provided by kitchen and bathroom 
exhaust fans;

2. 9.33.4.2. - the bathroom fan to be rated for a maximum sound
rating of 60 dBA (2.5 sones), be controlled by a 
dehumidistat and from Table 9.33.3.B. a minimum 
ventilation rate of 40 L/s is required;

3. 9.33.4.3. - fans to be rated at a minimum of 50 Pa, exhaust duct
size according to Table 9.33.4.A.;

4. 9.33.4.4. - make-up air is required since there is an open fireplace;
from Table 9.33.4.A. a 170 mm diameter duct is 
required for the 40 L/s bathroom fan and in this case it 
is provided to a storage room in the basement; and

5. 9.33.3.22. - doors to be undercut a minimum of 12 mm or a grille
of an equivalent area provided.

Floor atmb • 100 m3 per floor

(a) BASIC MECHANICAL VENTILATION SYSTEM - 
0.5 A.C./H. WITH ANY HEATING SYSTEM

22
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Example (b): shows a ventilation system utilizing a naturally-aspirating 
forced air heating system with a two-speed furnace fan aa described in Article 
9.33.3.14. A permitted alternate arrangement could utilize a dehumidiatat 
which would control the furnace air circulating fan for the ventilation rate as 
required by Article 9.33.3.5. This is a combination heatingfventilating 
system where the furnace provides the heating as well as supplying the 
required house ventilation air. In this example, one air supply duct is 
provided to the return air plenum to provide both for the air supply as required 
by the furnace installation code and for the ventilation air required by 
Subsection 9.33.3. For this example the following would apply:

1. 9.33.3.14. - 0.3 air changes per hour or from Table 933.3.A. for
200 m2 total heated floor area a minimum ventilation 
rate of 41 L/s is required;

2. 9.33.3.14. - minimum continuous ventilation rate of 2t) L/fc from
Table 9.33.3.B. provided by the two-speed fbmace fan;

3. 9.33.3.14. - the furnace and ventilation outdoor air supply provided
by a 100 mm diameter duct directly to the return-air 
plenum from Table 9.33.3 .C.;

4. 9.33.3.2. - the system design to Part 6, which also refers to
ASHRAE handbooks and HRAI Digest for design of 
ventilation systems; and

5. 9.33.3.22. - doors to be undercut a minimum of 12 mm or a grille
of an equivalent area provided.

• 100 nU par Hear

(b) VENTILATION SYSTEM WITH A FUEL-FIREfo
FORCED AIR HEATING SYTEM - 0.3 A.CJH. AND
CONTINUOUS VENTILATION
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Example (c): shows a ventilation system utilizing a naturally-aspirating 
fuel-fired forced air heating system with a single speed furnace fan and a 
bathroom exhaust fan. In this example, an additional 100 mm make-up air 
duct with a motorized damper is provided to the retum-air plenum for the 
make-up air required by the bathroom exhaust fan. This additional make-up air 
could also be provided by increasing the furnace air supply duct and installing 
a two-position motorized damper. For this example the following would 
apply:

1. 9.33.3.2. - 0.3 dr changes per hour or from Table 9.33.3.A. for
200 m2 total heated floor area a minimum ventilation 
rate of 41 L/s is required;

2. 933.3.5. - minimum ventilation rate controlled automatically of
40 L/s from Table 9.33.3.B., provided by bathroom 
exhaust fan;

3. 9.33.3.12. - make-up air is required since there is an open Fireplace,
this can be supplied through the forced air heating 
system by a separate 100 mm duct with a motorized 
interlocked damper as described in Article 9.33.3.12;

4. 9.33.3.2. - the system design to Part 6, which also refers to
ASHRAE handbooks and HRAI Digest for design of 
ventilation systems; and

5 . 9.333.22. - doors to be undercut a minimum of 12 mm or a grille 
of an equivalent area provided.

(C) VENTILATION SYSTEM WITH A FUEL-FIRED
FORCED AIR HEATING SYTEM - 0.3 A.C./H. AND 
BATHROOM EXHAUST FAN

24
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Page Reference

501 Appendix A

501 Appendix A

»

Revision 

Add new Note:
A-9.33.3.4. A mechanical ventilation 
system capable of operating on a year round 
basis is required for habitable rooms Or 
spaces which do not have openable windows. 
The ventilation system for these rooms may 
be combined with the whole house 
ventilation system described in Articles 
9.33.3.1. and 9.33.3.2. In most cases to 
comply with this requirement, an exhaust (fcn 
controlled by a switch or dehumidistat 
capable of providing 1 air change per hoar 
(where summer cooling is not provided) based 
on the room or space volume would be 
required.

Add new Note:
A-9.33.3.5. Automatic Control. This 
Article requires that the fan(s) of a required 
ventilation rate be controlled automatically 
by a centrally located dehumidistat. In a 
typical example, where the bathroom exhaust 
fan(s) are controlled by this centrally located 
dehumidistat, the exhaust fan(s) should alto 
be controlled by a switch or timer located in 
the bathroom. In all cases the centrally 
located dehumidistat would be the overriding 
switch. For the most effective use of the 
dehumidistat, it is recommended that the 
setting be between 40% to 60% relative 
humidity to maintain a healthy environment 
and to control any potential moisture 
problems.

u
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Page Reference Revision

• 501 Appendix A A>9.33.3.7. Make-up air. Make-up
air is not required for the entire ventilation 
capacity only for the ventilation rate 
controlled automatically or provided 
continuously. However, in Article 9.33.3.13. 
additional separate make-up air is also 
required for any exhaust appliance with a 
capacity exceeding 0.5 air change per hour.

This acknowledges the fact that although 
houses are being built tighter there is still 
enough air leakage through the envelope that 
can provide the additional air requirements of 
approximately 50L/s to lOOL/s at 5 Pa. 
depending on the size of the house. This is 
based on a leakage rate or NLA of 1.08 
cm2/m2 as established by a BETT/EMR 
survey of airtightness of housing across 
Canada. The 5 Pa depressurization has been 
established as the maximum permitted 
depressurization to prevent backdrafting of 
naturally-aspirating appliances.

| - indicates N.R.C. errata ( issued January 1988 ) 
•- indicates B.C. errau

Note: N.R.C. issued revisions (or errata) do not automatically become part of 
the B.C. Building Code, they must be adopted by the Province.
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9.33.1.6.

9.32.5.3. Where a public sewage system is not available, the building 
sewer shall discharge into a private sewage disposal system.

SUBSECTION 9 J2.6. SERVICE WATER HEATING FACILITIES

Sothc met 9.32.6.1. Where a hot water supply is requited by Article 9.32.4.3.,
SSL equipment shall be installed to provide to every dwelling unit an adequate 

supply of service hot water with a temperature range from 60T to 7S°C.

Kwfcufon «* 9.32.6.2. Service hot water may be distributed from a centrally located 
beater to supply the entire building or may be supplied by an individual 
service water heater for each dwelling unit.

ta*»U«<wn 9.32.6.3. Every service water healer and its installation shall conform toParte.
Stonge unks 9.32.6.4. Where storage tanks for service water heaters are of steel, they 

shall be coated with zinc, vitreous enamel (glass lined), hydraulic cement 
or other corrosion-resistant material.

ftei-buming 9.32.6.5. Hiel-buming service water heaters shall be connected to a 
w“*r chimney flue conforming to Section 9.21.

H*«ing I 9.32.6.6. Heating coils of service water healers shall not be installed in a 
00“ ! or in the combustion chamber of a boiler or/urnac* heating a building.

SECTION 933 VENTILATION
SUBSECTION 9.33.1. GENERAL
9.33.1.1. This Section applies to the ventilation of rooms and spaces in 
residential occupancies by natural ventilation and to self-contained me
chanical ventilation systems serving only 1 dwelling unit.

9.33.1.2. Mechanical ventilation systems serving more than 1 dwelling 
unit shall conform to Rut 6.

9.33.1.3. WntUatiod of rooms and spaces in other than residential occu
pancies shall conform to Rut 6.

Stonge 9.33.1.4. A storage garage for more than 5 cars shall be ventilated in 
*“**“ accordance with Pan 6.

9.33.1.5. Roosts or spaces in dwelling units shall be ventilated during 
the non-heating season by natural means in accordance with Subsection
9.33.2. or by a mechanical ventilation system conforming to Subsection
9.33.3.

9.33.1.6. A space that contains a fuel-fired heating appliance shall be 
provided with combustion air in accordance with Section 9.34.

Scope

Non-
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9.33.2.1.

SUBSECTION 9.33.2. NATURAL VENTILATION

MW"*"® 9.33.2.1. The unobstructed ventilation area to the outdoors for rooms
ra and spaces in residential huiidings ventilated by natural means shall con

form to Ifcble 9.33.2.A. Where a vestibule opens directly off a living or 
dining room within a dwelling unit, ventilation to the outdoors for such 
rooms may be through the vestibule.

IhUe 9.33.2.A. 
Forming Put of Article 9.33.2.1.

NATURAL VENTILATION

Lacrtini Unebsuuclcd Area

Within
dwelling
mii

Bathrooms or waterchnet rooms 0.09 ro2

Unfinished basement space 0.2 per cent of the 
floor area

Dining rooms, living rooms
Bedrooms, kitchens, combined rooms 
Dens, recreation rooms and all 

other finished rooms

0.28 m2 per room or 
combination of rooms

Other than 
within 
dwelling 
unit

Bathrooms or wster-chrset rooms 0.09 m2 per water- 
closet

&C68S 0.14 m2 per occupant

L«an&y rooms, kitchens, 
recreation rooms

4 per cent of the 
floor area

Cotridon, storage rooms and
other simitar public rooms 
or spaces

2 per cent of the 
floor area

Unfinished basement space not 
used on a shared basis

0.2 per cent of the 
floor area

Column i 2 3

9.33.2.2. Openings for natural ventilation other than windows shall be 
constructed to provide protection from the weather and insects. Screening 
shall be of rust-proof material.

SUBSECTION 9.33.3. MECHANICAL VENTILATION
9.33.3.1. Dwelling units shall have a mechanical ventilation system 
capable of providing at least one half an air change per hour during the 
heating season, based on the interior finished volume of the dwelling unit. 
The system shall be controlled either manually by a switch or automat
ically. (See Appendix A.)

9.33.3.2. Where rooms or spaces in dwelling units are provided with 
mechanical ventilation systems in lieu of natural ventilation as required in 
Article 9.33.1.5., the systems shall be capable of providing at least 1 air

398

9.34.1.4.

change jrer hour where summer cooling is not provided or at least half an air
change per hour where summer cooling is provided.

9.33.3.3. Mechanical ventilation systems for dwelling units shall in
clude provision for introduction of fresh make-up air from the exterior.

9.33.3.4. Mechanical ventilation systems in combination with central 
betting or cooling systems shall conform with hrt 6.

9.33.3.5. Exhaust ducts shall discharge directly to the Outdoors. Where 
the exhaust duct passes through or is adjacent to unhealed space, the duct 
shall be insulated to prevent moisture condensation in the duct.

Aeeew io 9.33.3.4. Ventilation equipment shall he accessible for inspection, 
maintenance, repair and cleaning. Kitchen exhaust ducts shall be designed 
and installed so that the entire duct can he cleaned where the duct is not 
equipped with a filter at the intake end.

Afr nuke 9.33.3.7. Outdoor air intake and exhaust outlets shall be shielded from 
*hiel<i weather and insects. Screening shall be of rust-proof material.

9.33.3.8. \fentilating ducts shall confbsm to the requirements of Past $ 
foi supply ducts, except exhaust duett that serve only a brehroom or water- 
closet room may he of combustible material provided the duct is reasonably 
air tight and constructed of a material impervious to water.

SECTION 9.34 HEATING AND
AIR-CONDITIONING

SUBSECTION 9.34.1. GENERAL
9.34.1.1. The design and installation of central heating systems shall 
conform to the requirements in Part 6 and to this Section. (See also
Subsection 9.10.10.)

9.34.1.2. The design and installation of air-conditioning systems shall 
conform to the requirements in Part 6.

tagcnwR 9.34.1.3. Residential buildings intended for use in the winter months on
“ taMin** a continuing basis Shall be equipped with heating facilities capable of 

maintaining an indoor air temperature of 22°C at the outside winter design 
temperature except as provided in Article 9.34.1.4. All other buildings 
shall he equipped with heating facilities of sufficient capacity to maintain 
the desired indoor air temperature, commensurate with the use of the 
building, tt the outside winter design temperature. Winter design tem
peratures shall be determined in conformance with Subsection 2.2. i.

tamwue 9.34.1.4. Heating facilities shall be provided which sball be capable of
tabneme* maintaining a temperature of not Iras than 1ST in an unfinished basement

in buildings of residential occupancy. Where crawl spaces are required to 
be heated, the heating facilities shall be capable of maintaining a tem- 
perature of not less than 15*C.

399



A-9.34.2.

A-9.33.3.1. Mecbaotod VeaUMiott. The tendency toward achieving higher levels 
of airtightness in housing and otter concerns over energy conservation indicate that 
natural ventilation is not sufficient to ensure acceptable air quality during the winter 
heating season. The mechanical system required by this Ankle is, therefore, indepen
dent of natural sources, including windows and air infiltration.
This Ankle does not require that a centralized ventilation system be provided with duct 
work leading to all pans of the dwelling unit. The requirement may be satisfied by means 
of exhaust fans located in kitchen or bathroom areas where a fresh air inlet is provided at a 
location remote from the exhaust outlet. A ventilation system operating in conjunction 
with a central heating or cooling system comes under the jurisdiction of ftut 6.

A*9.34.1.7. Combustion Air and Tight Houses. The operation of an air exhaust 
system or of a fuel-burning appliance removes the air from a house, creating a slight 
negative pressure inside. In certain cases the natural flow of air up a chimney can be 
reversed, leading to a possible danger of carbon monoxide poisoning for the inhabitants. 
Newer houses are generally more tightly constructed than older ones because of im
proved construction practices, including tighter windows, weather stripping and caulk
ing. This fact increases the probability that infiltration may not be able to supply enough 
air to compensate for simultaneous operation of exhaust fans, fireplaces, clottesdryers, 
furnaces and space heaters. Rutter information is available in Canadian Building Digest 
222, “Airtight Houses and Carbon Monoxide Poisoning,” available from the Division of 
Building Research, National Research Council of Canada, Ottawa K1A 0R6.

A>9.34.2. Installation of Stoves, Ranges and Space Heaters Burning Solid 
Fbel. Where tests show that minimum clearances or mounting techniques otter than as 
specified will result in an equivalent level of safety, they are permitted under the 
provisions of Section 2.5. Where test results show that appliances must be installed with 
minimum clearances greater than specified in Subsection 9.34.2., the greater clearances 
should be maintained.
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Table #1: 
Ventilation Rates

ROOM TYPE CONTINUOUS INTERMITTENT CONTINUOUS
VENTILATION EXHAUST EXHAUST

Double/Master Bedroom 20 CFM(10 L/S)
Basement 20 CFM(10 L/S)
Single bedrooms 10 CFM(5L/8)
Living room 10 CFM(5L/S)
Dining room 10 CFM(5L/S)
Family room 10 CFM(5L/S)
Recreation room 10 CFM(5L/S)
Other habitable rooms 10 CFM(5L/S)
Kitchen 10 CFM(5L/S) 100CFM(50L/S) OR 60CFM(30L/S)
Bathrooms 10 CFM(5L/S) 50CFM(25L/S) OR 30CFM(15L/S)
Laundry 10 CFM(5L/S)
Utility 10 CFM(5L/S)

/ Quality Plus 
Program Partners

Canatten 
*"* Home BoWers'

Assoceianoi

Represented by:
Mr. Brian Usher 
President, CHBA-BC 
Branta Fine Homes Inc.

Derick Turner 
Quality Plus Program
Director; CHBA-BC

BC hydro SS
Represented by:
Mr. Murray Bond 
Residential Marketing 
Manager, B.C Hydro

Mr. George Pinch 
Energy Management 
Engineer, B.C. Hydro

Represented by :

Mr. Bill Arthur 
Director, Market Planning 
B.C. Gas Inc.

Ms. Wendy McEvoy 
Residential Marketing 
Manager; B.C. Gas Inc.

HOME 
RANTY^-JRAMOF _ 

HtITISH COUtMBIA 
AND THE YUKON

Represented by:

Mr. David Verge 
Chief Executive Officer 
New Home Warranty 
Program of B.C. and the 
Yukon

| Represented by:

CHBA National, and 
Energy, Mines & 
Resources, Canada

Zrh West Kootenay PowerI >
Represented by:

Mr. Steve Ash 
Manager, Commercial 
Affairs; West Kootenay 
Power & Light



The French MAERECOM Proportional Negative Pressure System 
Excerpt from 1982 Building Code, France:
Chapter 1 Built-in General Ventilation 
Art. 2 - Ventilation system components
Air inlets must be used in all principal rooms (PR) ducted to the 
outside wall, whether passive or mechanical ventilation.
Air outlets are located in the technical rooms, (TR) kitchen, 
bathrooms and toilets, and must be connected to vertical ducts for 
passive ventilation or ducted to a fan for mechanical ventilation. 
For multi- family buildings, if one technical room is mechanically 
ventilated all must be mechanically ventilated.
Intake air must move freely from the principal rooms to the 
technical rooms.
If one room is used as a principal room and a technical room (Like 
a bedroom with cooking equipment), it must have one air inlet and 
one air outlet.
Art. 3 - Ventilation systems, whether mechanical or passive, must 
be capable of the following extracted airflow as shown below at 
moderate winter temperatures.
The extracted airflow from each technical room must meet the 
following installed capacity requirements simultaneously according 
to the number of principal rooms.



PEAK EXHAUST CAPACITY REQUIRED

Number of 
Principal 
Rooms

Main
Kitchen Bathroom 

with or 
without 
toilet

Additional
Bathrooms

Unique if 
House has 
only one 
toilet

if house 
has more 
than one 
toilet

1 75m3/h 15 15 15 15
2 90 15 15 15 15
3 105 30 15 15 15
4 120 30 15 30 15
5+ 135 30 15 30 15

N.B. Kitchen extractor set to these rates when string is pulled.
In the dwellings where there is only one main room, the bathroom 
and toilet, when they are separated by a wall but are side by side, 
may be served by one extractor only located in the toilet room, and 
the extractor must draw 15 m3/h.
In the absence of a wall between the bedroom and a living room, 
this room is considered as two principal rooms.
If a range hood is installed, less ventilation is required. The 
additional amount required is determined by the efficiency of the 
hood and approval of the ministry of construction and ministry of 
health.
The toilets are considered multiple if at least two are used in 
the dwelling even if one is located in the main bathroom.
Article 4 modified 28.10.1983
Art. 4 - Individual adjustment devices will be allowed to reduce 
the airflow of article 3 under the following conditions:
In general terms, the total dwelling exhaust and the kitchen 
exhaust may be reduced to the following figures.
1982 LAW CONSTANT FLOW
If a constant flow system is used rates must be a minimum 
of (30 + 15 x #PR)



HUMBER OF PRINCIPAL ROOMS

1 2 3 4 5 6 7
Minimum continuous total 
exhaust in dwelling (m3/h) 35 60
Continuous minimum (CFM) 20 35
Minimum continuous
exhaust in kitchen (m3/h) 20 30
Continuous minimum (CFM) 11 17

75 90
43 51
45 45
26 26

105 120
60 68
45 45
26 26

135
77
45
26

If a system is mechanical, if automatic, 
condensation except for brief periods, the

if it will control pollution and 
following reduction is possible.

The use of this reduced airflow system must be approved by the minister of 
construction and the minister of health.
The total extraction rate must be at least as follows:

NUMBER OF PRINCIPAL ROOMS

1 2 3 4 5 6 7

# of extractors required: 
Minimum continuous 
total exhaust:
Continuous minimum (CFM)

111
10 10 15
6 6 9

2 2 2
20 25 30
11 14 17

3
35
20

Art. 5 Hie air inlets plus the equivalent leakage area must allow enough 
make-up air to achieve the required rates outlined in article 3.
Note: cfm «= .57 x m3/h
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APPENDIX 3

AIR QUALITY INDEX



COS INDOOR AIR QUALITY INDEX
==Z=S==£===SS=S==S======S===

The Index below is an arbitrary Index developed for this project and is based upon the COS data accumuIated. The following quote 
from the recent ASHRAE 6S-1088 Ventilation Standard provides some
justification:

Carbon dioxide concent rat ion has been widely used as an indicator of indoor air quality. Comfort (odour) criteria are likely to be satisfied if the ventilation rate is set so that 1,866 ppm COS is not exceeded.
The index below gives equal authority to average COS 
concentrations, maximum concentrations, and percent of time that COS I eve Is exceeded 866 ppm. The 866 ppm level was chosen because I eve Is, particularly in the first year, were general Iy low, and because it is genera I Iy agreed that IAQ probIems can start at 666 
ppm.
Each period’s data was averaged into the caIcuI ations. The Iower the index, the better the IAQ.
SYSTEM Av.COS Max COS % >866ppm INDEX
NEG.CR.L 567 1633 1% 6.33NEG.CR.DH 664 915 6% 6.31
POS.CR.L 667 1166 16% 6.38
POS.CR.DH 745 1176 36% 6.47
HRV LOW 1136 3413 75% 1.66HRV HI 836 1698 36% 6.64
AERECO 1 1666 1579 51% 6.74
CODE L 699 1363 56% 6.66
CODE DH 847 1867 43% 6.69
WALL PIPE L 8S6 1481 63% 6.73
WALL PIPE DH 888 1447 67% 6.76
WALL INLET LOW 788 ISIS 63% 6.68
WALL INLET DH 741 1348 45% 6.61
DA HRV .15ACH 866 1476 34% 6.59
DA +ded.air 9S4 1631 51% 6.64
DA HRV F336 734 1669 34% 6.46
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SUMMARY CHART FOR RESULTS



VES1C0AST VIHIILATIOH STUM; FIRST TEAS DATA SUMMARY; APRIL, 1»89
MOTE: •l* denotes 1.15 ACE; *DI" denotes 1.3 ACR by dehuidistit; TLV denotes threshold liait value

SYSTEM NEG.CEVLSP POS.CRtfLS
L DH L DH

HRV
LOW HI

AERECO
1 2

CODE
L DH

WALL PIPE
L DH

WALL INLET HWC TLV
L DH

NUMBER OF OCCUPANTS 4 4 4 4 5 5 3 3 3 3 4 4 4 4
OCCUPANCY (li/Med/lovj1 L L L L H H M L L L L M H R
OCCUPANT SATISFACTION H H H H M B H

MECHANICAL CFM 74 148 74 148 58 115 - - 23 46 23 46 21 41
INSTALLATION COST (311 $375 (1,558 (1,388 (375 (599 (499
OPERATING COST/YR 1177 (18 (177 (16 (54 (115 (68 (99 (191 (139 (58 (16 (55 (2
EOUIV. LEAKAGE AREA abv range 1152 347.4 386.4 424. 386 446.9
TRACER GAS CALC'D ACE 8.46 8.48 8.33 9.33 9.57 9.46
FAN ON TIME im 3X 188X 556 18856 19956 19956 19956 19956 98X 199X 12X 199X 2X

AV SPACE TEMP (DEG.C) 19 28 17 19 23 22 22 19 18 18 25 25 22 23
AV SPACE EEL HUM % 58 52 58 51 48 41 59 58 58 58 45 44 44 43
AV SPACE C02 (ppa) 567 684 687 745 859 687 958 672 716 662 939 1919 789 714
AV OUTDOOR TEMP (C) 5.4 3.5 -2.2 3.4 1.7 3.2 6.4 5.1 6.4 5.1 6.4 5.1 6.4 5.1

TIME OF RE > 71 % 11 8X 1% 956 956 956 956 95■ IX 95i 156 9X 9X 9X
TIME OF C02 > 811 ppa IX Vi 181 2856 43X 1756 6456 2956; 25X 18X; 68X 83X 28X 16X

MIN SPACE TEMP (C) 17 18 12 16 21 29 19 13 14 13 22 24 21 28
MIN SPACE RE % 43 48 46 45 36 38 42 41 47 39 39 37 38 39
MIN SPACE C02 (ppa) 416 415 488 486 485 485 383 394 418 394 419 394 419 413
MIN OUTDOOR TEMP (C) 3 8.8 -18. •8.4 -3.2 -1.2 4.4 3.5 4.4 3.5 4.4 3.5 4.4 3.5

MAI SPACE TEMP (C) 22 21 22 22 26 24 26 25 23 23 27 28 25 25
MAX SPACE RE % 55 55 55 56 68 49 59 68 76 79 51 59 54 51 55
MAX SPACE C02 (ppa) 1133 915 1186 1176 1298 1177 1421 1252 1296 1186 1658 1441 1299 1299 3599
MAI OUTDOOR TEMP (C) 7.9 6.9 8 7 6.2 7 8.9 7.1 8.9 7.1 8.9 7.1 8.9 7.1

MAX CO (SPOT CHECKS) 4 4 3 3 3 3 5 6 12 5 6 5 5 5 25

KITCHEN HOOD CFM 128 128 165 59 75 25 159

FORMALDEHYDE (ppa) 8.84 8.1 9.1 9.84 8.94 9.1 9.94 9.95

NITROGEN DIOXIDE (ppa) 1 8 9 9 9 9 9 9.952



HSTCOAST VSKTILATIOK STUDY: SECOND YEAS DATA SI/MMAIY - MS 18, lilt
NOTE; "D.O.M." denotes DAILY OVTDOOE MEAN teapertlore 

"DA* denotes dediuted sir I.1S ACI
SYSTEM IIV

LON
IRV
HI

AEIICO AERECO
1 i

CODE
L

CODE
Dl

VALL PIPE
L Dl

NALL INLET
L Dl L

DEDICATED
DA

All
IIGI

HUMBEE OF OCCUPANTS 1» 9 3 3 3 3 3 3 3 3 6 6 6
OCCUPANCY (cn.ft./person) 877 977 2733 2733 3(69 3969 3257 3257 2733 2733 3983 3983 3983
OCCUPANT SATISFACTION i 1 M 1 1 L l 1
MECHANICAL CFM 51 115 - - 23 46 23 46 21 41 69 69 149
MECHANICAL ACI ».3i 1.71 (.18 9.18 9.15 9.3 9.15 (.3 9.15 9.3 9.15 9.15 9.35

INSTALLATION COST (1,861 (1,561 (459 (699 (489 (2,299 (2,5(9 (2,599
OPERATING COST/SQ.PT. YR (M46 (1.198 (1.179 (9.171 (9.992 (9.118 (9.953 (9.915 (9.947 (9.992 (9.927 (9.927 (9.944

SQU1V. LEAIAGE AREA 347.4 386.4 424.9 386 446.9
TRACER GAS CALC’D ACI 1.48 9.33 9.33 9.57 9.46

PAN ON TIME im imi 1((X 199X 199N 199% 199% 1(9% 199%
IITCIEN IOOD CFM 165 59 75 25 159 -
FORMALDEHYDE (ppn) undetectable not sup led not sup led ondetect&ble not sup led not sup led

MAIN LIVING AREA
AV SPACE TEMP (DEG.C) 23.2 22.5 18.6 29.5 19.4 29.4 22.7 22.9 22.3 22.9 22.6 22.5 22.9
AV SPACE REL HUM % 44.8 46.3 51.9 59.1 48.7 59.8 42.9 43.9 37.4 37.6 41.9 45.9 41.9
AV SPACE C02 (ppn) 1355.5 997.8 989.7 1976.9 829.5 784.5 836.9 825.8 882.4 675.9 726.6 - 645.2
MEAN OUTDOOR TEMP (C) 8.3 19.7 6.2 8.9 6.2 8.9 8.9 6.2 6.2 6.9 6.9 9.3 3.6

MIN SPACE TEMP (C) 21.8 19.8 13.7 17.7 16.3 17.2 29.5 17.2 18.3 18.9 29.1 29.5 19.2
MIN SPACE IN % 41.8 49.2 43.9 44.1 41.2 49.3 39.7 37.7 29.5 28.1 39.3 41.4 38.1
MIN SPACE C02 (ppn) 519.5 339.3 425.9 599.9 436.8 464.3 492.5 559.5 472.9 413.5 566.9 - 475.5
MIN D.M.O. TEMP (C) 8.3 11.7 6.2 8.9 6.2 8.9 8.9 6.2 6.2 8.9 3.3 7.8 3.3

MAX SPACE TEMP (C) 24.8 25.5 22.6 22.9 23.1 26.9 25.5 26.5 24.9 24.9 23.8 26.4 25.9
MAX SPACE 11 % 59.( 55.9 59.8 57.4 66.3 61.4 48.4 52.4 43.5 43.6 45.2 69.9 61.5
MAX SPACE C02 (ppn) 2932.9 2174.9 1951.9 1661.9 1569.9 1419.9 1695.8 1455.9 13(3.9 1396.9 957.9 - 838.9
MAX D.M.O. TEMP (C) 8.7 19.7, 9.9 9.9 9.9 9.9 9.9 9.9 9.6 9.9 8.2 19.5 4.3

TIME OF RH > 79 % 9% 9% 9% 9% 9% 9% 9% 9% 9% 9% 9% 9% 9%
MAIN - TINE OF C02>899 ppn 98% 66% 55% 43% 67% 52% 49% 66% 58% 52% 18% “ 3%



SYSTEM IEV IEV ASIBCO AEIECO CODE CODE MALL PIPE VAIL INLET DEDICATED
LOV II 1 2 L Dl L Dl i Dl l DA

intOOM

AV SPACE TEMP (UG.C) 21.2 22.3 21.7 21.3 18.5 18.3 21.6 23.6 21.8 22.1 21.5 21.7
AV SPACE III IUM X 48.4 46.8 51.3 46.8 51.8 57.1 45.3 41.4 38.3 38.4 47.8 48.5
AV SPACE C02 (pp>) 1144.1 774.5 1151.8 1158.8 115.2 1185.1 683.5 817.8 682.5 834.4 884.3 824.3
AV 0018001 TEMP (C) 8.7 12.8 8.7 1.1 8.7 1.1 1.1 8.7 8.7 8.1 6.1 8.3

MIN SPACE TEMP (C) 18.8 21.7 18.4 18.5 17.1 17.7 18.8 21.7 18.8 11.5 18.3 18.5
MIN SPACE IK X 42.8 41.4 41.8 41.4 45.1 48.8 41.3 38.7 31.8 33.2 42.5 44.8
MIN SPACE C02 (ppa) 431.1 386.8 818.5 616.1 411.1 518.1 461.3 367.8 383.1 443.8 558.1 486.8
MIN D.M.O. TEMP <C) 8.1 8.1 7.8 8.4 7.8 8.4 8.4 7.8 7.8 8.4 3.3 7.8

MAX SPACE TEMP (C) 23.8 24.1 23.8 24.1 21.5 21.6 24.7 25.6 24.7 25.8 23.5 23.3
MAX SPACE 88 X 55.1 55.7 58.3 56.8 56.7 78.8 51.4 46.5 42.5 43.5 55.8 56.7
MAX SPACE C02 (ppi) 3118.1 1744.1 1285.1 1884.1 1114.1 2826.1 1188.1 1454.1 1142.1 1431.1 1884.1 1141.1
MAX D.M.O. TEMP (C) 12.1 15.6 8.4 8.8 8.4 8.8 8.8 8.4 8.4 8.8 8.2 11.5

TIME OP 18 > 78 X IX IX IX IX IX IX IX IX IX IX IX IX
IEDIM • TIME OF C02>888 ppi 84X 37X 53X 58X 48X 58X SIX 53X 47X 68X SIX 82X

All
UGH

11.3 
4f.7

812.1
3.8

17.8
48.8 

445.8
3.3

23.8
82.4 

1178.1
4.3

45X



APPENDIX 5

REAL TIME GRAPHS OF MONITORING



8URKE llliHMITOR & Aex Tine; !S:2d:2^
nnel; n | t*>pe. »»—■«» Sst'S* ^*^5”8?

m m

R'S2 20:12 01:33 &:53 12:13 F:33 22:54 04:14 02:34 
B tfon 03 Nr 03 Nar 04 liar 04 & 04 Ifar 04 Mar 04 Hr ^ Har 05

pe«f ‘XMXZk

Tine: 14:€;06 
tote: 3-^-8?

BURKE 1000
System IMTOR
Panel: # 1_hrv hi&m ^te-cd

l-M 1-M
1410 42.5

1230 ^.0 
1000 44.5

770.0 42.0

540.0 32.5

!SK5I^EXa^pL&.
£0z/PiH ^fl^&uApcr4

310.0 37.0
1&04 21:13 02:22 07:31 12!40 17:42 22:58 04:07 02! 14 

B Hr01Hr01Hr02Hr02Hr02Hr02Nr02Hr03Hr05
JBIAJFT CM.-G4.



BURKE 1000System lECTOR ST o. ^ rm ccsu-n^uPanel 2 ti 1 -pk. o^n^a-^p^

HNl HN2 1-IN5 0-flKSl 22.0 5B.5 820.0

1U 7.2 <30.0

Tine: 9:55:23 Dete' 1-25-8?

19.2 55.9 410.0

17.8 51.4 250.0 A

14.4 53.3 40.0

15.0 52.0 -130
deg,C HMD PR1 17:52 22:14 03:39 08:32 13:25 18:19 23:12 04:05 08:58
A B CD Jai 23 Jan 23 Jan 24 Jm 24 Jan 24 Jan 24 Jan 24 Jan 25 Jan 25

plP-'Sf VZdZX/K



etsssrakiicaii a*iaswiss*i p^zuSsmUix j<waw,<.-^-. mSs<&aeaS3[|--;-

BURKE 1O0OSystem HECTOR ST e>. ^ acm rw o^unsou. Panel I # 1 fto^inve. pe.es>. cjewl-m*....... HiKililtiililWilHI
Tine: 11:22:52 Date: 1-29-89 fiil

e£3t>J2*as>M
Hlt5 HtW22.0 «.5 1300

21.2 4.8 1000

20.4 45.1 700.0

1-IN5 (HWS1

19,(5 43.4490.0

18.8 41.7 100.0

C4S*JCW1WLEUT tu T^XAT < l^H
rfeoMl ^>UoWC5^..

+ +18.0 40.0 -2001—i——i- - - - - 1- - - - - - 1- - - - - h---- 1- - - - - 1—
deg.C HUMID PPI1 19:17 00:10 05:03 09:57 14:50 19:43 00:36 05:29 10:23
A B CD Jan 27 Jan 28 Jan 23 Jan 28 Jan 28 Jan 28 Jan 29 Jan 29 Jan 29

pi pata



System: ECTOR STPanel: # 1 <*■'**.**’■

BURKE 1090
>M Ce»WT»5^L-

Tine: 10:03:47 Date: 1-25-8? 
[ITOmWM

Hl^ HNS 0-ftYS! 0-AYS124.0 74.0

23.4 57.0

21.2 40.0

18.8 23.0

14.4 4.0

14.0-11.0
deg.C HU1ID 17:41 22:08 02:35 07:02 11:2? 15:54 20:23 00:50 05:14
A BCD Jan 23 Jan 23 Jan 24 Jan 24 Jan 24 Jan 24 Jan 24 Jan 25 Jan 25

f iR-'Sy yfeAP- pAfA



HVrrfr---'-’"-1

BURKE 1000Bysten: ICCTOR SI o.i& mm Tire: 12:19:22P0II0I 1 H | Is,
iWHHIi

E6
»itiiiiii

wus,t». Date: 1-18-89MMmmmMMMmmimmmmmm
IHNtl HN2 -- [Ih1-1-IH5 0-flNSl

21.8 57.0 OT.0

deg.C HUMID PR120:12 01;% 06:59 10:52 15:45 20:39 01:32 01:25 11:18 ft B CD Jsn 1& Jan 17 Jan 17 Jan 17 Jan 17 Jan 17 Jan 18 Jan 18 Jan 18
t?ata



Systen: Ac-recoPanel: # 1
BURKE lOO®

Mi’iiiiiiilIlf

HNl
19
i-i
11N2 1l-IH1-IB4

Tine: U: 13:29 Date: 3-21-89

0.5 1430 54.5 28.5

0.4 1170 53.2 24.4

0.3 910.0 49.9 24.3

0.2 450.0 44.4 22.2

0.1 390.® 43.3 2®.l

0.00 130.® 40.® 18.®deg.C 14102 17:35 21:08 00:41 04:13 07:44 Hi 19 14:52 A B C D Bar 20 Iter 20 Iter 2® Mar 21 Bar 21 Bar 21 Iter 21 Bar 21
|=-lfzj£rr )/eAp- t?AyA



■ •'i&iZi

BURKE 100®
Systai! o,i5 kcm
PfllBl ! # 1 '&& cctae. H=xi*=e

ecee

Tiie: li:W:21 
tote : 3-21-3?

1-IN2 1-IN?

A B Ifer 2® for 2® for 2® for 2® for 21 for 21 for 21 for 21 for 21
pifL«T 'ffcAP-



Systen! I£CTQR ST © is ao-i 
Panel! # 1 si&ew. c^y/

xaMtgeeamuntx

BURKE 1000
ap-.
|mmmf mm

Tine: 12:24:19 Date' 1*18-39 
MmtMMMMBl

23.5 58.0

22.d 57.0 830.0

21.7 5d.0 580.0

20.3 55.0330.0

19.9 54.0 80.0

HN3 1- N4 1-IN5 0-flYSl

r n
\

/
| jflwAmP W.
\ /V u

•- f \

W ' N
i

4-19 0 53 0 -170deg!c HllliD m 20:17 01:10 01:03 10:57 15:50 20:43 0l:3d 01:29 11:23 CD Jan Id Jan 17 Jan 17 Jan 17 Jan 17 Jan 17 Jan 18 Jan IS Jan 18



BURKE 1000
Bysten: o.j^- P3hb1 ! $9m 1 tuku-'xaoo. M'
IHWIHIWMIP™””1™1

Tine: M:32:50 Bate: 3-22-8? 
Hi

HN2 HUM

34.01—i----- 1-------1------ 1------ 1------ 1------ 1------ 1------ 1—10:43 M:03 21:2? 02:4? oe:o? im 13:50 00:10 05:31 B Har 13 Har 13 liar 18 Har 1? Har 1? Har 1? Har 1? liar 20 Har 20
pip.-e.-f Yfe4(Z. DVTA

!

1!1
1



Systw: mrv, 
PshbI 1 $9“ 1

Lewvfcur. Tine: ?:55:M
DjIp> j-21~8?

BURKE 1000

gBtSgBGEfCSB

HN2 HNS

37,0 ■ V

B Nsr 03 Uar © Iter 04 Ifer O'! liar 04 Mar O1! Ifer 04 Iter 05 Iter 05
plRjsrf T^Ap- XK-jA

•*SS8



Systen! hrv. Panel : «?9- 1
MmmsmK

LoW Vfexn”,
BURKE 1000 Tine: 10:03:10 Date: 3-21-8?'tm

HN2 HNd

fl B Har 0G liar 0G Har 01 Har 0ill1ar Oil Har OJIIar IF Har ^ Har 0?
piR£>f VfeAp- PATA



BURKE 1®0@Systen! low ve.ut 
PsitbI 1 $9~ i

i?.j?.if.iy if it if u p i

Tine: 9:41:34 Date: 3-21-89
mm

HN2 1-

pii^ST Y&Ap- PATA



Systen! Acesco. 
Panel: #9-1 weck. z. 
il

BURKE 1000 Tine: 14:13:45 Date: 3-22-8? 
I—

HN1 1-IIC •IN4 HIP



HN11 0-flVSl

-i.91—i—:—i------ 1--------1-------1------- 1-------1-------1-------1-------1—*9.0 12:14 15:13 18121 2l!24 00:27 03:31 M:3r0?:37 12:41 15:44 ffi Iter 12 Iter 12 Mar 12 Mar 12 Iter 13 Iter 13 Iter 13 Mr 13 Mar 13 Iter 13
F'lRjST Y^AP- ^atA



BURKE 1000Systen: fWflLON ttCHflHICd Tim: 11:^:39Panel: «?9-1 retrofit Date: 4-12-8?

HIP 1-IfB 23.5 4270 100.01 -IN4 rff/Sl

+ + + + +15.0 -530-15.0deg-C CO2 RH22:42 12:1? 01:57 15:34 05112 18:4? 08127 22106 11:42 A B CD 11(^12^ 13fr 13fr 14fr 14fr 15ferl5ferl4
pE-ST YfeAP- data



BURKE 1@®0System MLONICOMODL Panel: $9-1 retrofit 
M»IM«

Tine: 11:11:0? Date: <-12-8?

HH2 HN12 1-IHW 0-flYSl <290 240 95.0

y
A

/t\

m 22.4 73.®

355® 20.8 51.®

218® 19.2 29.0

810.0 17.< 7.0

■5<0 K.0-15.0

\

\/N

n
/

vs

4 \ /
\ »s y-

C02 deg.C RH 22:57 12:31 02:06 15:39 06:13 18:^ 08:21 21:55 11:30 A 8 CD ftr 11 Apr 12 ftir 13 ftr 13 Apr 14 Apr M 15 Apr 15 Apr 1<
Plp^T YfeAE- CATA



BURKE 1@@@
Systen: mmm mi

. I.ll Ml

vdlm ! >MR imwauaimpu

Biiiil

Tine: ie:4l:53 
Date! d-1490

■wv

B fer 11 Hr 11 Hr 11 Hr 12 Hr 12 Hr 12 Hr 12 Hr 12 Iter 13
SeOPMP vf®Ap_ wp.



BURKE ISO©

W,Q -12,®
VA>
h--:

?Br i 11 t

1/i
F £

± 4.
* A* i?:25 ffl:€ 11:24 2m m?

i r- ; «r 11 Hr 11 Hr 12 Hr 12 Hr 12 Hr 12 fer 12 Har 0
>secosjp yeAp- pata



tHc^a^auasi

Systen:
I . BURKE 1000

mmm aik i
n i . ••II AH 1PdflBl ! IAIIIITIK AHA MM

Tine! 11:01:41 tote! 4-14-90

1210 45.5
HN2 1-

440.0 34.0 
A B

12:24 17:2 
tfer 13 Iter

— —   ~|,n mn i i i iiiinfrTi~nrmim|iM n m mn Pumniiiiiirti in ltiiii «ninri»ii»^TWTi»iifiT^anwnrrTinir^innBMiw»ani|iiMwii*nii^>MiMirii[>^il>ri(iiiBiiiimiaiiiiiiiiiigwu^iaiMiijiiiiwii<iiBiiii]miiij|jMaj^

22:1? ffi:i2 oe:®' 13:© 17:57 22:52 03:4B 
3 Iter 13 Iter 14 Iter 14 Iter 14 Iter 14 Iter 14 Iter 15

*SBCOt^D Y^AR. DATA



BURKE im
System 
Panel

mmm m 
i.li m « MImM dr 

NMMNMIVU
Tine:Cate: 4-M-90

HHZ 1-IH13
im asi

1190 53.1-

ft B Iter 17 Iter 17 Iter 17 Iter 18 Iter IS Iter IS Iter 13 Iter 18 Iter 19
vSECCNP YfcAP- CAJA



ssv..<s*«£v-*i «esi»«£sEa

QucfoM1 mmm aii
jJ/iHCTli |(|| Id | Mietitl tit

Panel! mu uvin mu m*u

HN2 1-

.SBCDMP \feAp_ pt\TA-



.1

Qysten: i.il AdPanel ; *«««««
BURKE 1000 Tine: U:10:5B Date: i-14-90

1-IIC 1-IN13 0-fiVSl 0-msi

BCD liar M liar M War M War 15 liar 15 War 15 War 15 Iter 15 Iter Id
'ffeAp. PATA

JSM*33- “'



m. ■ ‘zm&k

BURKE 1000
Qurfan' 1*11 >
Panel , ■w uTMaMnni Tine: 3:53:tf Date: H3-90

HH2 11900 64,5

200,0 42.0
09:50 15:11 20:31 01:51 ff:ii 12:32 17:52 23:12 04:33 

A 8 Hap 23 Hap 23 tlar 23 Hap 24 fbr 24 Hap 24 Hap 24 Hap 24 !1ar 25
YEAR- R*TA



BURKE 1O00Systen: Panel I
VRIT I - »BWO 

•.18 ACI ■•ir'tijHUai 
IUNOII SANPL!

Tine: 0:32:35 
Date: 1-01-80

1-IN2 1- N&
2230 41.01

530.0 €0 
ft 3

t
0?:24 Wf 2W 01:2? 04:4? 12:03 17:28 22:43 04:0? 
Ur 23 !1r 23 Hr 23 Hr 2? Hr 2? Hr 2? Hr 2? Hr 2? Hr 3®

•SE-cohiD YfeAp- wrrA



afcc-A-'.'aaais

f
i

Cud’oii1 Wit 3 • ARK!jJ/a*CTIi i.u mi Hif.ttjaiiiai
Panel RNOMIARU

BURKE 1000 Tine: 0IC21 tote: 1-01-80

1-IN2 HNS2110 dl.51

55.3

190 52.2

ft B Hr 31 Hr 31 Hr 31 for 01 ftpr 01 ftp’ 01 for 01 for 01 for 02
•SECOMD YfeAp- PATA



Oud-Mt1 Mi? i • mmU/3lClli i.mci
Pdiiel . mii wik im *«rti

m ns
1-IH2 HNi

Tine: 4:17:45 
Date: d-13-90

BURKE 1000

,SE^Q9K\p yfeAp, tATA



Qirciim1 Mir < * b>£* mh nm
"P'V1! I.ll Ml eMliiMM 

rJHlTBl I Mil LIVIM AHA INffU

BURKE 1M® Tine: 4:®B:22 tote: 13-99

HN2 1-IN9

(1 3 Hr 24 Hr 24 Hr 24 Hr 25 Hr 25 Hr 25 Hr 25 Hr 25 Hr U
SECOND 'tfeAfS V&TA



BURKE 1000
gy5ten;mi-M.MIMi

Paiiel: .11 Ml emtiimi 
1/UiU

Tine: 0:7:22 Date: 1-01-80

1-IN2 1-IN?

&Bcai^x> Yeafk wxa



!S£as3£a3t&«

BURKE 1000
Systen: "IVi'^r ;Panel I - **•««• *

350B 102.0

2018 79.0

2128 S&.0

m 33.0

748.0 10.0

1-IN2 1-IN?

7^—

;
w

JV,

Tine: 11:24:12 Bate: M4-90

■’V'U%,T|11 B

iV ft

'■r\J
58.0 -13.0

17:2? 21:54 02:22 0i:48 ll: 14 15:41 20:0? 00:33 05:00 
ft B Har 30 Har 30 Ifer 31 ifer 31 liar 31 liar 311'far 3! ftp’ 01 Apr 01

. SECOM0 'ifeAR DA.TA- !



BURKE 1000
Quetm' 91,114 * i’C*9999 99999•.> m» 4«imii4iiut

MNMN IMVUPdHBl '

mm.®

2313 7?.0

2123 M.0h

1433 33.0

7®.0 10.0

HH2 1-IN9

53.0 -13.0

■f "“w. j\.

f-l
••\ ! “vwj-v /

v/

Tine: 0:11:35 
Date: 1-01-80

wuv.T'V.

\v“ X

+
0?:2? M:50 20:10 01:33 95:50 12:11 17:31 22:51 04:12 

8 Iter 31 Hr 31 Hr 31 ftp!’ 01 Apr 01 Apr 01 Apr 011$’ 01 for 02

B

"A



Qvcffln1 mif < - i>c. con mm
Jj'31 T1* 0.9 MS MtaHiiUt
Panel , MIR iivin ana impu
rAiMMxmmtMmtmw

i »
HN2 1-

BURKE 1300 Tine! 42&02 Bate! A-D-JO
rmjREMiMiMmsiBitrJitm

i

H?

^B£<5MD YEAPv D«tA



BURKE 10@0
QurtoM' mif s * SAU nn 

l.s Ml ielmliiiUi
rdHE! ! MIR lITIK ^ ,MPU

Tine: 3:53:64 tele: 4-13-90

1736 53.0

1440 49.8

1190 44.4

920.6 43.4

450.0 40.2

330.0 37.0

HN2 1-IN13

j
r /"B

fl J
iS /

. I I ■v

• iV‘ l|'v /
V | \ /w

>/ V
\

09:54 15:14 20:37 01:57 07:17 12:33 17:53 23:13 04:39 
3 tfer 23 tlir 23 liar 23 ifer 24 ilar 24 liar 24 liar 24 liar 24 liar 25

Y^AR IMtA



^verffwi1 vrit i - vau nn
ij'"1V l *•> MS M«i4iaUI 
rdJlIPi MIR UTIM IMKI

BURKE 10®0

fpii|M||IMIli
Tine: 4:BB:28 
Date: H3-90

HN2 1- N13

a B liar 25 Hr 25 Har 25 liar 24 liar 24 liar 24 iter 24 Iter 24 Hr 17
,se.coMD Year. pArA



BURKE 1000
Qt/cfaft1 WIT I - VAU Fin 

1 ! Ml ittaidiiUtPanel . nnom ianm
Tine: 0:41:52

ffimiinimpiiiMilIPHiii HHHIiHI
mmHH2 Pljll A 8 LPiC 6 gm jHH13

jSBCaMD Y&AR ptfcTA



?

Qiicrfm1 91,11 s * VAU rin 0/!}ICrli i.u aci cMtimuPanel:
BURKE 1009 Tine: 0:22:14 Date: 1-01-30

1400 50.5

1200 43.2

1000 €.?

300.0 43.4

400J 41.3

1-IN2 1

A11 I / 'I . /'«
J ^ vvv

r

vVV VV
i j v"'Vv •-•.4 ft

\ v-.. /-*Vvi \A ■'«>’
\P<i

A A'
W

V

V-

w.v

400,0 39.0
17:32 2i:s? 02:25 01:51 11:17 15:44 20:10 00:34 05:03 

A B liar 30 Har 30 War 31 liar 31 liar 31 liar 31 liar 31 fbr 01 Ar’ 01
^E^>MP PATA



BURKE 100®
CjLjctcM' wit I - mu ting/sim. •.!• aw cniibvni
Panel i nmom mmi

Tine: 0:17:13 Daite' 1-01-30

l-IIC HN13

3 8 Mr 31 Mr 31 Mr 31 ftr @1 ftr 01 dp’ 01 Apr 01 Apr 01 Apr 02
SE.£€X^P ^feAR- mTA



Sca**to's yiiwssi

Qijcfm* nn»* «au nn
l.ll ACI CMtiSWM

P3I%1 I Mil LIVIM ikllA l/unl

iiiifili

BURKE 1000

HIC HN13

Tine: 4:29:34 Date: d-13-90
mwmuMmM

a B flp'04^r01AprMflpin^(lpi'^flpr05ftjrffiflpr05$r0J
^Se^omd YeAfz- pata



i MIT 9 • VAU TIN 
' Ml AM eoaUuMfPanel! m» uyim aim ianm

BURKE 1@00 Tine; 4:13:0S Bate: H3-90

HtC HNld

^ B liar 25 Hr 25 thr 25 ilr li Hr U Hr 24 Har 24 iter 24 Hr 27
Y^Ap- DATA



•Vrifitfrtrfn*''': fWSUii. AJ-'risftlSiioEs-.: esuK&Ej&aXs

SystKi: ■"'•“I" 
ranei, kimoom smi

BURKE 1000
Tire: 0:41:20 
Date: 1-01-00

1-IH2 1

^ECOMP YfeAfZ- P&vTA



BURKE 1000System Panel I
mif I - VAU IRUf

I.S M3 ieknllliUI
imooN sjuru

Tine: 0:20 Date: 1-01-80

1-IN2 1-IN14

J'IDJ 31.01—i---- 1---- ^---- 1---- 1---- 1---- 1---- 1---- h-0?:35 M:SS 20:16 0l:3d 0$:5i 12:17 17:37 22:57 0<l:l8 A B liar 31 Mar 31 Mar 31 Apr 01 to’ 01 to’ 01 to’ 01 to' 01 to' 02
.55^0 KD VfeAR- pdTA.



vJSiJ&Z-' ■•.'iQ'X'inu&M. LKUbmoilaSi K&a&iSai&p

rri-sn
r3jfl0l , MIR IITIM AHA IMnl

BURKE 1@®0 Tine: 4:21:34 Date: d-13-90

HN2 1-INli

8 Apr © flpp 03 to' 03 Apr 0‘1 Apr 0*1 Apr 01 Apr 04 Apr 04 tor 05
£E^1^MD l>XTA



Cijcfam' WIT 8 - Ilfgyaiwii uj Ad eMtiawal
PdlIBi ! MIR LITIM MIA IMPU

BURKE 1000 Tine: 4:34:15 Date: H3-90

3B14 53.5

3034 55.0

2254 51.5

1474 43.0

494.0 44.5

1-IN2 HN3

1/ ."J
4

j

4
1 ^

iV"™" «%.
.•V*

p_®

\
X.! ft

TO
//CO

t| I N• H /!yi.
A

-84.9 41.0
09:14 14:35 19:55 01:15 04:35 11:54 17:14 22:34 03:57 

ft B Apr S7 Apr 07 te' 07 Apr 03 Api’ 08 Apr 06 Apr 03 Apr 0B Ap' 09
Y6Ap- IATA

4



GStsctz&ai

BURKE 1030
VMT I - IKV 

I.Si Ml cmUmoii

simoom i/uni
Tine: 5:10:10 Date: 4-13-90

3550 53.5

2340 50.3

2170 48.1

1430 45.4

790.0 42.7

1-IN2 1

\

1
«/ 1

1 H [1 v1/

J 'V '•

III llfl
11 V li flL

. i .V //'•J'-j A**'
I v A' f

'fA Km r*1i*. /i ,• w ,vlC\Ja -

4-100.0 40.0
11:02 14:23 21:43 03:03 03:23 13:44 19:04 00:24 05:45 

(4 3 (W 11 to’ 11 to’ 11 to’ 12 to’ 12 to’ 12 to’ 12 to’ 13 to’ 13
<5’B.e£?Mp YfeAp- PATA



Systo:Panel: *«««'««Hii

BURKE 1030

2120 52.5

1730 55.8

1340 52.1

S0.0 43.4

50.0 44.7

3®.0 41.0

1-IN2 HN3

14:24 i?:38 m li:t2 14:24 21:35 02:47 07:58ft B tor 13 ftpr 13 (fr 14 ^ 14 fa 14 fa 14 fa 14 fa 15 ftpr 15
YfeAp- PATA



Percent oi time uhere ^CQ2 exceeded 800 ppm_ _ _ _ _

FIRST YERRMain Areas

Neg.tr PcsXr HRV Code Pipefiereco Inlet
System TypesLou rate tirst, High rate beside (right)



FIRST YEfiR
Hain Areas

Average C02 levels

NegXrPos.Cr HRV Code PipeAereco Inlet
System Types

Lou rate first; High rate beside (right)



FIRST YERRMain fireas
2000 Parts per million

RERECO INLET

Type o-r Systerti
Lou -first,High beside to right



SECOND YERR

3000
2500
2000
1500
1000

500
0

Installation Cost Dollars

HRV CODE PIPERERECO INLET DED.RIR
Inst.Cost

Type of System
(Lou first, H or DH beside to right)



1

\

SECOND YEAR'S DATA MAIN AREAS
Maxirriurri C02 levels

AERECO PIPE INLET DED.AIR
System TypesLou rate first; High rate beside (right)

i



V
'---SECOND YEAR'S DflTfi 

MAIN AEAS
''Average C02 PPM

' '15001- - - - - - - - - - - - - - - - - - - - -

System Types
Lou rate first, High rate beside (right)



SECOND YEAR'S DATA MAIN AREAS
Outdoor mean temperature ^deg.C_____________

flERECO PIPE INLET DEB,AIR
Av.OutTemp

System Types
Lou rate first; High rate beside (right)



SECOND YEfiRnru

HRV COE PIPEflERECO INET ED. AIR
tiech ACH

(Lou first/n'o^DH^side to right)



CU.FVOCCPPNC02
MRIN LIVING flRER

HRV h dh dh dh Dfl tnERECO COE UP 1 UI 1 DR 1 DR h
SYSTEM



SECOND YEfTS BRTfi BEDROOM fiRERS
Average Space Terop (deg.D Average Space RH %

HRV CODE UALL WALLPIPE INLET DED.RIR

System TypesLou rate tirst, High rate beside (right)

fiv.Sp. RFK 
Av.SpJerrip

1
l



SECOND VEER'S DATA BEDROOM flEAS

I

Mean outdoor temp.
HpclT

RERECO PIPE INLET DED.RIR

Rv.OutTemp

System TypesLou rate first; High rate beside (right)

i
i



SECOND YEfFS DfiTfi EDROOM EERS
Percent time that CQ2 exceeded

jqqWO PPm______________ __

HRV CODE UfiLL URLLfERECO PIPE INLET ED.RIR
>8(D ppm

System Types
Lou rate first; High rate beside (right)



SECOND YEAR Bedrooms
Mean Outdoor Temp 
Tka. r

HRV CODE PIPEflERECO INLET DED.flIR
flv.Ofjt Deg

Type of System(Lou {irst, H or DH beside to right)



]
1
]
1

1
]

1

1
!
1
i
1
1

1

■i

APPENDIX 6.

ENERGY PERFORMANCE
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VENTILATION RELATED ENERGY COSTS
The operating costs of the respective ventilation systems are 
calculated using the folloving formula:

(FAN kW * 8768 H/y * USAGE % * *8.6467/kWh) + ((CFM * 1.1 
* (TiAV - 43)F)/3412 * §488 H/y * USAGE * #8.8467/kWh)

WATTSi USAGE and CFM from actual studied houses.
An average indoor temperature (TiAV) of 28 C is presumed for the 
continuously operated fan calculations. The figure used for the 
dehumidistat control mode calculation is taken from recorded 
data. Continuous fan figures are 1ikely to be of greater use in 
comparing the energy performance of the various systems.
The calculations do not account for other heating season lengths, 
natural infiltration or costs of fuels other than electricity.
SYSTEM WATTS USAGE CFM TiAV $/yr t/SqFt yr= = = = = = £ = = = = = = = = = = = = £ = = = = = = = = = = = = = = = = = = = = = r = = = r = = = = = = = = = = = £ = = = = £ =
NEG•CR•L 84 188% 74 28 $185 $8,879
NEG.CR.DH 115 3% 148 28 $16 $8,664
POS.CR.L 84 188% 74 28 $185 $8,679
POS.CR.DH 115 5% 148 19 $16 $8,667
HRV LOW 63 188% 58 28 $56 $8,846
HRV HI 97 188% 115 22 $126 $8,698
AERECO 1 35 188% 28 28 $71 $6,862
AERECO 2 35 186% 42 19 $94 $8,881
CODE L 144 188% 23 26 $186 $6,892
CODE DH 144 98% 46 18 $136 $6,118
WALL PIPE L 35 188% 23 26 $61 $8,653
WALL PIPE DH 35 12% 46 25 $17 $6,615
WALL INLET LOW 35 188% 21 28 $57 $8,647
WALL INLET DH 35 2% 41 23 $2 $8,682
DA HRV F326 114 188% 148 28 $138 $8,844
DA HRV .15ACH 69 168% 68 28 $82 $6,827
NOTES: HRV sensible recovery efficiency = 78% low speed; 56%

high. AERECO cfm’s calculated from manufacturer * s
literature. All fans but HRV, CODE & CRAWLSPACE are
AERECO product.

VENTILATION SYSTEMS:
NEG.CR.L = NUTONE 672 C -Bj NEG.CR.DH = BROAN 362 V
POS.CR. = DELHI 538 HRV = VANEE 1686
AERECO = FULL AERECO SYSTEM CODE L = NUTONE 695-6
WALL PIPE = AERECO FAN WALL INLET = AERECO FAN
DED.AIR HRV = LIFEBREATH 288
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EXAMPLES OF RECOMMENDED SYSTEMS



EXAMPLES OF RECOMMENDED SYSTEMS

The following systems shown here:
1. Minimum BC Code. (see section 5.5 of report)

2. Heat Recovery Ventilator. (see section 5.3 of report)

3. Central Exhaust with Fully Distributed Make-up Air.
This is essentially the same as the HRV system except that it has no 
heat recovery. The cost is marginally less than the HRV, but care must 
be taken to locate the make-up air discharges so as to minimize 
"dumping" of cold air on occupants.

4. Forced Harm Air Furnace.
The arrival of natural gas to Vancouver Island is expected to result in 
more installations of this kind. The installed cost of this system may 
be similar to the cost of electric baseboards plus an HRV. If an HRV 
is used in conjunction with the furnace, costs will likely be higher 
than the baseboard example.
Outdoor air is filtered and distributed to every room served by the 
furnace, and combustion appliances are not likely to back-draft, but 
house can be at positive pressure which may increase moisture migration 
to walls.
If long-term energy costs are of high concern the HRV addition should 
be considered.
There is an energy penalty associated with the fan power required for 
the furnace. It is hoped that the heating industry will provide options 
such as high efficiency fan motors, integrated heat recovery, and 
programmable ventilation in the near future.

CONTROLS: Any combination of continuous, switched, dehumidistat, rheostat or 
programmable control may be effective in a given home. Occupancy, layout, 
combustion appliances etc. are contributing factors to the choice of system.



SYMBOLS & ABBREVIATIONS:
E/A Exhaust Air
O/A Outdoor Air
S/A Supply Air (conditioned O/A)
W/R Washroom
® Fan
F Forced Warm Air Furnace w/ 2 speed fan
HRV Heat Recovery Ventilator

GENERAL NOTES:

1. Entire installation to conform to National Building and Fire Codes of 
Canada, B.C. Electrical Code, SMACNA Standards and manufacturer* s 
specifications.

2. Provide al1 materials, equipment and labour required to make complete 
and functional ventilation systems as per the drawings.

3. The Mechanical Contractor shall arrange and pay for all permits and 
inspections necessary to meet local requirements.

4. Any alternate equipment for layout changes must be approved by designer.

5. Al1 installed equipment to CSA approved.

6. All rectangular duct elbows, not shown as radius, shall contain turning 
vanes (applies to tees as we 11). Radius elbows to have R/D = 1.5.

7. Maximum slope of rect. duct transitions not to exceed 1” in 4”.

8. Maximum allowab1e continuous 1ength of flex duct is 5 feet.

9. Al 1 duct joints to be cont inuous and sealed us ing duct tape or gum 
sealant.

IQ. All ductwork shal1 be separated from the outdoors by minimum of R12.

11. Each S/A, O/A, and E/A branch duct shal 1 contain a lockable quadrant 
volume damper.

12. Al 1 motorized air handling equipment, other than propeller W/R fans, 
shal1 be mounted with vibration isolation from structure.
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CHEMICAL TESTING RESULTS
all results in parts per million (ppm)

FIRST TEAR UNIT 3 UNIT 4 UNIT 5 UNIT 6 UNIT 8 HECTOR
formaldehyde 0.04 0.04 0.10 0.10 0.10 0.04
nitrogen 
dioxide < 0.5 < 0.5 < 0.5 < 0.5 < 0.5 < 0.5
toluene < ppm < ppm < ppm <ppm < ppm < ppm

range range range range range range
xylene " ii n n ii ii

limolene ” n ii ii ii •i

# of
occupants 3 3 4 2 5 4

SECOND TEAR UNIT 3 UNIT 4 UNIT 5 UNIT 6 UNIT 8 
AIR

DEDICATED

formaldehyde not
tested

not
tested

< 0.01 not
tested

< 0.01 not
tested

# of
occupants 3 3 3 3 9 6



fOHN M"RAE & ASSOCIATES INC.
Environmental Health Services

90 06 19

Mr. Bob Landel
Avalon Mechanical Consultants Ltd. 
4 - 1322A Government Street 
Victoria, BC 
V8W 1Y8

RE: Formaldehyde Sampling
2749 Jacklin Road

Dear Mr. Landel:

On 90 04 02 two (2) air samples (#1 and #2) were collected to determine airborne concentrations 
of formaldehyde. Sample #1 was collected in Suite #5 and sample #2 was collected in Suite #8. 
The samples were collected with battery operated pumps and midget impingers following the 
Workers’ Compensation Board’s Method No. 2250: Aldehydes, Ci - C4 In Air. The samples,
including a "blank" (#3) were submitted to an independent laboratory for analysis.

The laboratory has reported results of <0.1 ug/mL for all samples resulting in a sample 
concentration of <0.01 ug/L and an airborne concentration of <0.1 ppm. All sample results were 
less than the quantitation limit.

Attached please find our Air Sample Log.

Yours truly,

JOHN MACRAE & ASSOCIATES INC.

John MacRae 

JM/ab

100 -1144 FORT ST. 
VICTORIA, B.C. 
CANADA V8V 3K8 
Telephone (604) 380-3911 
Cellular (604) 727-1123 
Fax (604) 380-1123



AIRiiSAMPlE_U)G

John MacRae & Associates,

PROJECT{ Housing Project, Jacklin Road

DATE START READOUT TOTAL COUNT FLOU VOL./AIR LOCATION
TIME TIME MINUTES RATE (LITRES)

90 04 03 12:16 12:38 22 N/ap 1.0 22 Suite #5

90 04 0} 12:21 12:41 20 N/ap 1.0 20 Suite #8

90 04 0? Blank • . . - - -

All samples less than quantitation linit

TYPE

Page 1 of 1

SAMPLE # SAMPLE AIRBORNE
CONCENTRATION CONCENTRATION

ug/l

Area 1 <0.01 <0.1 ppm

Area 2 <0.01 <0.1 ppn

Blank 3 <0.01 Blank



I
1
I
1
I
1
1
s

I
1
1
I
i
l
1
f
I
!
i

Emiitamnfntol Health ServicesJ

90 06 19

Mr. Bob Landd
Avilon Mechanics) Consultants Ltd. 
4 - 1322A Government Street 
Victoria, BC 
V8W IY*

Dear Mr. Landel:

On 90 04 02 two (2) air samples (#1 end *2) were collected to determine airborne concentrations 
of formaldehyde. Sample #1 was collected in Suite *5 and sample #2 wat collected in Suite *£. 
The samples were collected with battery operated pemps and ntidgei impingers following the 
Workers’ Compensation Board’s Method No. 2250; Aldehydes. C* - Ct in Air. The samples, 
Including a ’’blank9 f#3} were submitted to an independent laboratory for analysis.

The in bora tor y has reported results of <0.1 ug/ffiL for ail samples resulting in a sample 
concentration of <0.01 ug/L and an airborne concentration of <0.1 ppm. All sample results were 
les? than the Quantitation limit.

Attached plcssi find our Air Sample Log.

Yours truly,

JOHN MACRAE & ASSOCIATES INC.

John MncRnc 

JM/flb

m 1144 POUT ST 
VICTORIA, fi.C, 
CANADA \*V 7KR 
Tdcplunu (KM13SO..-59I1 
CcHular {frfHt 727.1121 Rik (AM) .W-! 121

BSi Farnaldehyde Saatpling 
2749 Jacilii R»ad

EZT-T rEB SDN i3D55tf .I:CI 2T_ DL.-£,T-Nrj
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I MYCOLOGICAL TEST RESULTS
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MYCOLOGICAL TESTING
The aycological - biological tests were performed using three types 
of media to ensure a ful 1 col lection of fungi present in the 
environment. The media used are described in the microbiological 
analysis included in this Appendix. Petri dishes were placed in 
each home environment for a period of half an hour. The 
Mycological Testing Results list the organisms identified in each 
of the samples. The results indicate that no alarming human 
pathogens exist in any of the samples.

MYCOLOGICAL DEFINITIONS
BACTERIA - Minute, uni cel lular organisms that exist on dead organic 
matter or as parasites. Bacteria are the chief agents of 
fermentation, putrefication and decay. Many are capable of 
producing disease or pathogenic.
FUNGUS - Any of a large group of simple plants characterized by a 
lack of chlorophy11, such as molds, miIdews, mushrooms, rusts, and 
smuts. Most have a f i lamentous body or mycelium and subsist on 
dead organic matter or as parasites.
YEASTS - A semi-fluid substance consisting principally of the 
unicellular fungi which forms on the surface or as a sediment in 
fermented fruit juices; is used in inducing alcoholic fermentation; 
or in the production of medicine.



ANALYTICAL & TESTING SERVICES

itte : lary Ftmink 
Client: I.1.1.
Saiple: 1221$

lubers
Siinle aer Hite

L-l (Unfford) 2 x W
4

49
4
1
8
3

1 x 10*
1 x 10*

L-2 (Langford) 1
1

i*3 (Langford) 1
2

1 x 10*

1-4 (Langford) 1 x 10*
1 x 10* 
4 x 10*
1 x 10*

1 1 x 10*
2 x 10*

M 1 x 10*
1 x 10* 
1 x 10* 
1 x 10*

f3 28
1 3

1 x 10* 
4 x 10*
3 x 10* 
1 x 10*
1 x 10*
2 x 10*

Organisas Identified

Cnrtohacterina flanenafafilaas 
OhigQPBs sp
Peaieillipi aiiplicisslinp 
Penicillinp tlabrni 
gpraobasidipp pcllplaas 
Bacillos coagnlaas 
Staptrlocoecps ■araerl 
irtbrobacter sidcroeansplatps 
Stapbrlococcps haepolrtlcns

PeBlcillinB sipplicisslpna 
Pepicillinp elabroi

Paaicllliop giaplicissiana 
Pepicillipi glabroa 
StaphrlococcBs bricns 

snbsp hficns

Sarcisa sp
laterobacter aggloaaraas 
StapbflococcBS haePdlTticns

Sarcina sp
BrcTibacterinp frieoritoleraps 
Stapbrloeoccns baeaolrtiens

Sarcina sp
Stapbrlococcas baaaolfticps 
Arthrobacter r! sidcrocapsulatns 
Stapbrlocoecns xtIosps

PeiiicilliuB siapHcissiBOB 
Penicillini sp 
Sarcina sp

irtbrobacter sideroeapsalatns 
Stapbvlococccs baenoirticas 
laterobacter aggloaerans 
Cortohacterina flaccnafaciens 
irtbrobacter el siderocansalatas

Libel? gabitat/CoBaents
bneteria; soil 
fngns; airborne, soil 
fnngns; airborne, soil 
fugns; soil, vegetation 
fnngns; soil, vegetation 
bacteria; soil, vegetation 
bacteria; skin, environaental 
bacteria; soil
bacteria; skin, environaental
fnngns; airborne, soil 
fnngns; soil, vegetation
fnngns; airborne, soil
fnngns; soil, vegetation
bacteria; aninal skin; aninal pathogen

bacteria; soil
bacteria; soil, eater, vegetation, seeage 
bacteria; skin, environnental
bacteria; soil 
bacteria; soil
bacteria; skin, enrironnental 
bacteria; soil
bacteria; skin, environaental 
bacteria; soil
bacteria; skin, environaental
fnngns; airborne, soil 
fnngns; airborne, soil 
bacteria; soil 
bacteria; soil
bacteria; skin, environnental 
bacteria; soil, eater, vegetation, seeage 
bacteria; soil 
bacteria; soil

Jii<!ro>y6logist

MB RESEARCH & DEVELOPMENT LTD. P.O. BOX 2103, SIDNEY, B.C. VBL 3S6 TEL: (604) 656-1334



ANALYTICAL & TESTING SERVICES
Clients Environmental Investigations Research Ltd. 
Sample: W1B88

Numbers
Sample per Plate Organisms Identified

#8 3 Bacillus coaoulans
1 Trichoderma so
1 PeniciIlium simplicissimum
1 Candida sp
1 Hvalodendron oirinum

10 Staphylococcus wameri
7 Staphy1ococcus hominis
1 Staphy1ococcus saprophyticus
2 Phoma sp
1 Trichoderma sp

#3 4 PeniciIlium sp
3 Staphy 1 ococcus wameri
3 Curtobac ter ium 41 accum-f ac iens
1 Curtobacterium albidum
1 Trichoderma sp

m

#6

1 Rhodotorula rubra
2 Staphylococcus warnerj
1 Staphylococcus saprophyticus
4 Aerococcus sp
5 Staphylococcus haemolyticus
3 Williopsis satymus

2 PeniciIlium simplicissimum
1 Penici II ium chQ'_5ogen.um
2 Staphy3occccus haemolyticus

Hector lO
5 
1 
2 
1
6 
1 
3

PeniciIlium simplicissimum 
Penicillium olabrum 
Trichoderma ml viridae 
Penici1lium sp 
Aspergillus sp 
Staohv 1 ococcus 
Arthrobacter ml citreus 
Klebsiella ml planticola

#5 1 Penici11ium ml qlebrym
1 Staphylococcus wameri
3 Staphylococcus ayricularjc,
1 Streptgmyces sp
1 Kuritua Topfii

Likely Habitat/Comments

bacteria, soil 
-fungus, airborne, soil 
-fungus, airborne, soil 
yeast, soil, environmental 
-fungus, soil
bacteria, skin, environmental 
bacteria, primarily human skim 
bacteria, skin, environmental 
fungus, soil, vegetation 
fungus, airborne, soil

fungus, airborne, soil 
bacteria, skin, environmental 
bacteria, vegetation: plant pathogen 
bacteria, soil, vegetation 
fungus, airborne, soil

yeast, airborne, seasonal 
bacteria, skin, environmental 
bacteria, skin, environmental 
bacteria, common airborne 
bacteria, skin, environmental 
yeast, soil

fungus, airborne, soil 
fungus, soil, vegetation 
bacteria, skin, environmental

fungus, airborne, soi! 
fungus, soil, vegetation 
fungus, soi1 
fungus, airborne, soil 
fungus, soil
bacteria, skin, environmental
bacteria, soil, dust
bacteria, soil, water, vegetation

fungus, soil, vegetat:on 
bacteria, skin, environmental 
bacteria, skin, ear 
bacteria, airborne, so: 1 
bacteria, soil surface wafer

Mr c rob: o i cc- :st

MB RESEARCH & DEVELOPMENT LTD. P-O. BOX 2103, SIDNEY, B.C. V8L 3S6 TEL: (604) 656*1334



1

ANALYTICAL & TESTING SERVICES

Client: E.I.R. Ltd./ Mary Parynuik
Sample: #W1B88

PEDIA USED FOR SAMPLING:

1. BAP tryptone soya broth (soybean-casein digest U.S.P.) Oxoid □'1129
O.S/. <wt:vol) sodium chloride 
5.0% human blood <outdated)
1.5% agar

2. WA 1.5% water agar

3. PDA potato dextrose broth Di-fco
1.5% agar

J

MB RESEARCH & DEVELOPMENT LTD. P.O. BOX 2103. SIDNEY, B.C. VBL 3S6 TEL: (604)656-1334



APPENDIX 10

OCCUPANTS AND BUILDER 
QUESTIONNAIRES



HOMEOU1HER5 TNPOOR ftTR Ollliil TTV QUESTIONNAIRE

Address: ~\S2xV-i

1

Type of air handling system ___ ___________ ____ _____
i. Type and size of home ___________
£. Type of insulation _IHL________________^Llj£=.
3. Number of occupants living in the home? ___,3_______ ______
4. Generally speaking houi much time do you spend in your home in 

a 24 hour time period?
18 kouts

In general, on a scale 'from 1 being the worst to 5 being the 
best, please rank the following with respect to:
( please note any additional comments >

5. Temperature____2?__________________ _________ __________ ;____ _
6.
7.
8.
9.

Drafts___ JL
Uentilation _
Air freshness 
Air movement

3___

_H
I©. Odors ___it___________________________ _______ _____
11. Humidity ______ __ __________ ___ ____________________
12. Dust ____0 ._____
13. Molds ____5_____ ___________________________________

I

1



HOMEOWNERS INDOOR AIR QUALITY QUESTIONNAIRE

Please answer the following questions with a QSS or a Gfi®

14. Does anyone smoke in this home? If so how often?
________________ /rxj^_______________________ _____ ______ _____________ _

15. Does anyone living in this home have allergies? If so, what are they?
___________ ____________ ___________________ ________ __________________

IS. Do you use your kitchen fan? If so, how often?
_______________________________ ___________________________ i_______

17. Do you use your bathroom fan? If so, how often?
_JQiP___Jr<?vVN_____________________________ _________________________________

18. Do you open your windows? If so, how often?
___ ujgjs,_______ __ i )li L=r-__ _____ _____ ____

vno ; rx^/olo y of-e^
Do you generally have problems with any of the following:
16. Colds ______________________________ _____ _____________ _
17. Coughing_______________________________________________ _______
18. Sore throats _xi._Q__________________ _________ _______________
19. Faintness ___Q_0_______________________________________________
28. Nausea______________ _________ _________ _____________ __________
21. Fatigue ________________ __________________ _______________
22. Headaches ___D_J2______ __ _ ____ _______________ _______________
23. Back pain___ __________________________...--- --------- --------
24. Eye strain___ __________ ___--------- -------------------------
25. Watery eyes ______ ___________ _

ArVe ?^s.4 vJe

eX\sS i

\< & *fk€»x c-f



HOMEOWNERS INDOOR AIR QUALITY QUESTIONNAIRE

26. Skin irritation___ t\.Q____ __________;__________ _____________________ ___
£?. Hhat cleaning products do you use in your, home and how often?
_ IAr^ ^ cot ^ t-e^wpr\ <f / I ^/^oue

28. What type of vacuum cleaner do you use and how often?
_ ^a_c c\ brOO^r\0 ^ AO uJ Q. r

29. What is the most significant factor affecting the air quality in your 
home? «•

38. What are the two or three aspects of living in this home that you 
would like to change or see changed?

S Oy\a f QQ tna ^ ______________________ _

jQidil I i li„ _^tlL _S, jk*^Til' „
A-V> uo' c) 0 1

31. What two or three features of this home do you enjoy the most?
___ L£V^_ ttf__3ga.ce,______ ____ ___________ _______________________

__p _____________ _____ ___________________ ___________T_ _ QtiQi)_ _ i. s 4 t~ v b uA yf) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ __ _ __ _ _

THAHK YOU FOR YOUR COOPERATION, PLEASE ADO ANY ADDITIONAL 
COMMENTS

o\v cX^ '■'N <Xoor- v^vw-ecA



HOMEOUNERS INDOOR 6TB OUflLITV OUESTTONHftlRE

Address: 4- A
«

C&jcJ'CMKi T2i>

Type of air handling system ^ ^ Colfc (4^0 * IS CQfcT
1. Type and sire of home y^rTTAC.^ &&  2? ___ _____ __________
2. Type of insulation _________________________________________ ____ __;_____
3. Humber of occupants living in the home? _ / Ai> m LTf... ^ .JCl-t^S
4. Generally speaking hom much time do you spend in your -home in 

a 24 hour time period?
__ _________ W?ik^tLlL___ _________________

In general, on a scale 'from 1 being the worst to 5 being the 
best, please rank the following with respect to:
< please note any additional comments >

5.
6.
7.
8.
9.

Temperature
Drafts _____
Ventilation _ 
Air freshness 
Air movement

z___ 2>tz ___ _____ ____
_51___ _____ ___ _________ _________________

_____________________________________________

5

uot*^r^

te. Odors it
11. Humidity___Z__ ____
12. Dust___ ________________________ _
13. Molds



HOMEOWNERS INDOOR AIR QUALITY QUESTIONNAIRE

Please answer the following questions with a or a B®

*4. Does anyone smoke in this home? If so how often?
—_________________________________________ _________

15. Does anyone living in this home have allergies? If so, what are they?
___Uo_____

Ifi. So you use your kitchen fan? If so, how often?
___Y£S________________________________________ __________________________

17. Do you use your bathroom fan? If so, how often?
InJq_____ ___ ___ _____________________________ _______ ___ __________

18. Do you open your windows? If so, how often?
________££&£££>*££>_____________ ___________________ ____________ _
^ kl' &

JE>o you generally have problems with any of the following:
16. Colds______ ___________________________________________________________
I?. Coughing___ ______________________ __________________________________
18. Sore throats _______________________________ _________________
19. Faintness______ LJL<2___________________________________ ________________
20. Nausea_____ —^bdS^fct^CrL.________ ___________________ ________ ___
£1. Fatigue______ Jbis2_________________________ _____ _____ _______________
2£. Headaches ____ Yg-S____ _______ __ ____________________ _________ ______
E3. Back pain______________ __________________________ ___________________
24. Eye strain   __________ __________________— -------——
25. Watery eyes _______________ ___________ ____________________—



HOMEOWNERS INDOOR AIR QUALITY QUESTIONNAIRE

26. Skin irritation _ ’ __ ______________ __

27. Mhat cleaning products do you use in your home and houi often?
—CiBhdSr_____ _________________________________________________________ _

28. Mhat type of vacuum cleaner do you use and houi often?
UPTLi^H-T_____ ______________________________________________________

29. Hhat is the most significant factor affecting the air quality in your
home? •-

Lr__ _ Ji;___AiRi.ir_____________

30. Mhat are the tuio or three aspects of living in this home that you 
would like to change or see changed?

j—lc>T*4 I _____________ ___________________________________________

31. Mhat two or three features of this home do you enjoy the most?
_____________________

^Pi^CAfPU^

THANK YOU FOR YOUR COOPERATION, PLEASE ABB ANY ABBITIOHAL 
COMMENTS



Address: 4<C'Q _______ _________________
«

HOMEOWNERS INDOOR ftIR QU6LTTV OUESTIOHHflIRE

Type of air handling system ___
i. Type and size of home 2Srpsl''/^lJ-^ Q~T5 2. - ^iTgE-^___ • ■---
£. Type of insulation JELI„jgzj&zLJsJl.__ .-^iXLSsr— 
3. Number of occupants living in the home? jjiL_.^^ki!s2r^_7^^__4=!^^--__-
4. Generally speaking houi much time do you spend in your home in 

a £4 hour time period?
^-4- Kr-

In general, on a scale from 1 being the worst to 5 being the 
best, please rank the following with respect to:
< please note any additional comments >

5. Temperature ____________ ___ ______________________ ______________
6.
7.
8.
9.
10. 

11.

Drafts ____
Ventilation „ 
Air freshness 
Air movement
Odors ____

Humidity___

_____ __________________ __

_____

.4^___ ___ ____________
j±_

.j4-______________

12. Dust §

£13. Molds



HOMEOWNERS INDOOR AIR QUALITY QUESTIONNAIRE

Please answer the following questions with a @@@ or a 53>®

14. Does anyone smoke in this home? If so how often?
_____________ ____________________________________ ______ ________________

15. Does anyone living in this home have allergies? If so, what are they?
______________________________________________ _

1€. Do you use your kitchen fan? If so, how often?
l7™_____ ________________________ _________________ __ ]   

17. Do you use your bathroom fan? If so, how often?
kio C~£Z’Kd~nz^p>L~

18. Do you open your windows? If so, how often?
klo ____ _______ ______ _____________________ _______ _________

U |<$nl4T~' ULo ____________

Do you generally have problems with any of the following:
W. Colds ____ __________ _______________________ _________________
17. Coughing_____________ __________ ___________________ __________
18. Sore throats _______ ______________ __________________
19. Faintness ___ ___________ ______ _____ ___ ___________ ____ _______
28. Nausea ______ LrlS__________ _________ __________ __________
El. Fatigue _______'tJLS-_______ -_______ __ ____________________ _
£E. Headaches _________ ________ _____________
S3. Back pain______________ _____ _______ _____________
£4. Eye strain ___ ____ ____________ _—-------- -
£5. Watery eyes --------------- ------------------------ -



HOMEOWNERS INDOOR AIR QUALITY QUESTIONNAIRE

£6. Skin irritation

2.7. What cleaning products do you use in your home and how often?

___________________ ^fPK-^FgP^kJ________________

£8. What type of vacuum cleaner do you use and how often?

____________________________________

£9. What is the most significant factor affecting the air quality in your 
home? »

S\AoKE~

30. What are the two or three aspects of living in this home that you 
would like to change or see changed?

____________________ ____________ _________________

31. What two or three features of this home do you enjoy the most?

_____________________________________________ __________

THANK YOU FOR YOUR COOPERATION. PLEASE ADO ANY ADDITIONAL 
COMMENTS



ttOMEGUNEES INPOOR dU^LTTV QUgST!OMHft

Address:

Type of air handling system
^ Type and size of home -J^TT^£-4-4 ___ [ __________ ____ _______
£. Type of insulation .______________________________
3. Number of occupants living in the home? i==!_^!____

Generally speaking houi much time do you spend in your home in 
a £4 hour time period?

______________________________________________________ !___

In general, on a scale from I being the worst to 5 being the 
best, please rank the following with respect to:
< please note any additional comments >

5- Temperature __i_____________ ___ ___ ________ ______________ ___ ______
€. Drafts___
7. Ventilation _

8. Air freshness
9. Air movement

10. Odors _____
11. Humidity______

12. Dust ___ ___
13. Molds______

-4-
_4-_

_4-_

2-

._ir_

i t—ri- c."!- i i *—s*!



HOMEOWNERS INDOOR AIR DUALITY QUESTIONNAIRE

Please answer tlie following questions with a QS@ or a B)8

14. Does anyone smoke in this home? If so how often?

____/ jay________________________________ ____________________________

15. Does anyone living in this home have allergies? If so, what are they?

__vf-Jo ____________ _________________ ^ ____ _

16. Do you use your kitchen fan? If so, how often?

Y_ _ _ _ _ _ *JI -JL. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
17. Do you use your bathroom fan? If so, how often?

_ _ _ I_ _ _ _ _ _ _ _ _ _ _ _ _ ftj[ —_ _ _ _ _ _ •   

18. Do you open your windows? If so, how often?

_____________________ ________________ ___________

ie>.4-V"T .* sjo
So you generally have problems with any of the following:

16. Colds_____ ______ ______________ __ _________________________________ ________ ___ _______________ ___________

17. Coughing____________________________ _____ _________________ _________ __________ ___ __________ _____ _

18. Sore throats ____________________________ ____________ ________ ___________________________ _

19. Faintness __ riii _______ ____ _______________ _

18. Nausea  „_jhl_____ ____ ____________________________ ______________ ___________________ ______

21. Fatigue____________ tJ__________________________ ___ __________ ________________________ ________ _

22. Headaches________ bJ—__ __ __________________________________________ ________ „................ .............. .

23. Back pain _______________________ _______ ____________ ____ ___ __________________ __ _____________________

24. Eye strain ____________________________________________________________________________ ________________

25. Watery eyes ________________________ ____________________ _—------------------



i

l
HOMEOWNERS INDOOR AIR QUALITY QUESTIONNAIRE

26. Skin irritation _______ __________________________________ __________ _
27. Mhat cleaning products do you use in your home and how often?

OuE^l / M_______ _______________

28. Nhat type of vacuum cleaner do you use and how often?

—irkuE_________ ____________________ __________________ ________ ______
29. What is the most significant factor affecting the air quality in your

home? ••

kic-,

30. What are the two or three aspects of living in this home that you 
would like to change or see changed?
____ _________________________ i__________ ______ ________________ _____

31. What two or three features of this home do you enjoy the most?
______ _______________ ______ ____ __________________ __________ __________

■SPA-C-f ou c.

*
I

THAHK YOU FOR YOUR COOPERATION. PLEASE AOS ANY ADDITIONAL 
COMMENTSi



HOMEOUMERS fNBQQR AIR QU6L1TV QUgSTIONNfelRg

Address-- Q> ____

Type of air handling system _____________ ______ _________ ______________ _
±, Type and size of home ,&~PT~E^-'D1 ___ ^ ^8_____ __________
£. Type of insulation "~2^P _____ -
3. Number of occupants living in the home? —Jit..________________________

Generally speaking houi much time do you spend in your home in 
a 24 hour time period?
_____ ______________________ ____________________________ __________

In general^ on a scale from 1 being the worst to S being the 
best, please rank the following with respect to:
C please note any additional comments >

5. Temperature __ __ .5—_____ __ _____ __________________ _____ ________________________________ _________

6. Drafts    JB   _____ <4 ro_fiVlj ^ yv  T K^_ 'zA."^'_SlQ£l_________ _

?- Uentilation ___ ________ ___________ _________ __ ________ _____ ___________ _______ _

8. Air freshness_____ ^___________ _______ ____________ ________ ______________ ________ ________________

9. Air movement_____ El_______—____ _______ ___ ________ ____________ ______ ____________________

10. Odors _______________ ________ _____ _____________

11. Humidity_____ ______________ ______________________________ ________ _____ __ ________________ __________ _

1^. Dust __________________ _________________________ ___r.____________ ___________________ ___

______ __________ __________________________________13. Holds



HOMEOWNERS INDOOR AIR QUALITY QUESTIONNAIRE

Please answer the following questions with a OSS or a CDS

14. Does anyone smoke in this home? If so how often?
______________ ________________ _________________________ ____________ _____________

15. Does anyone living in this home have allergies? If so, what are they?
✓o . . _ _ . . oJus-f Cocfs a o'Ogs

_ O bo Lj ^____ __ I S» ■> JpJjL._ __? r-pc~i~
| p. ,* 1 i> vr ^ ^ Kejsv?’ r\ 0 S e> !f» -ec^S J 2. u i-s & 1®?

16. Do you use your kitchen fan? If so, how often? ©u4~ ' ^
CSO-^-e ■

___ ,S.^i_y_j£i'22f__'S.h£-£££j&—.—.__________________ ]_______
17. Do you use your bathroom fan? If so, how often?

_p D r~0(9 v^> “^~cy v\__________ ________________________________ _____

18. Do you open your windows? If so, how often? uoK^ v^ c /eex -a v
,|PC,___________.1 'C^___________________
k,N^k-4- U> ^ ^ QuJ --------------

Do you generally have problems with any of the following:
is. colds____ ^£A._iWe_Jj>£>4S__ ^J„l!rL}J?J>__________
17. Coughing_____Ij_____ tJL_ **___—-Li________i_f________________
18. Sore throats __—^.j,_ »» *__ * * ____J________________ ____
19. Faintness ___ \2. v^r qV^- olct
20. Nausea _______ _________________ _______________________ _______
£1. Fatigue____ l_L____ ___I„1______'_J________ £_/____ fL*___ _I_________ _
22. Headaches 0 \ ci__ _____________ __ _____ ___________
23. Back pain ___:__ __________ _________________ _____________ _________
24. Eye strain___ C.2________________ _________ _____________________________
25. Watery eyes___Q®_________________ _________________ ——— ------------



HOMEOWNERS INDOOR AIR QUALITY QUESTIONNAIRE

26. Skin irritation _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

SL7. Uhat cleaning products do you use in your home and houi often?
I________ _____________________ ___ _________

28. Mhat type of vacuum cleaner do you use and houi often?
__________ l^fLyLfS __ JiLyiSiL __

29. Nhat is the most significant factor affecting the air quality in your
home? »

___ ±sQm________ ___________ _________________________ _

_W .» c l^a n y IvjSO

30. Mhat are the tuio or three aspects of living in this home that you 
would like to change or see changed?

________________ _____________

31. 14hat two or three features of this home do you enjoy the most?
;___SOolW.£N£L___ _______________

\ L^^v-V" 
.\d:TV-p_ kL\<yS g^-rg. \/-pt-U| ir>o.c>p \j

THAHK YOU FOR YOUR COOPERATION. PLEASE ABB ANY ABBITIOHALCOMMENTS



tiOHEQUMERg IKBOOR QU6L1TV QUgST?OHM6IRE

Address: VA-gcAOT' _______ ^ V\c\rCtrs ^ l^)c»vv;-P M^crvVf
___ _________________________________________________________________ ___

_____ _______________________ ____________________________________________

Type of air handling system V3 9. c^ccV'tv -e ^ces.1-, ^ &■,c,-g^ _/y^r!%7_
1. Type and size of home _^-UOO _________ ________________ ______ _____
2. Type of insulation _____________________________ ______ ______ ______
3. Number of occupants living in the home? _M._______________ _______ __
4» Generally speaking how much time do you spend in your -home in 

a 24 hour time period?
___ A3^0sk£_5>__________ ________________________________ _______ ____ ________

In general, on a scale from 1 being the worst to 5 being the 
best, please rank the following with respect to:
( please note any additional comments >

5. Temperature M'___________ ______ ______ _____ ________________ ____
6. Drafts __________________________ _________ ________________ _______
7. Ventilation _S_________ ________ _______ _____ ___ _____ _________________
8. Air freshness _H________________________________________ __________
9. Air movement ^______ _________ ____________________________ ______
A0. Odors _M.____ _________ __ ________________________ _________ ______ _
11. Humidity _it_____ _____________________ ____________ ________ __________
12. Dust ___ ___ _______________________r__ ____ ____________________
13. Molds r__________________ _____________________



HOMEOWNERS INDOOR AIR QUALITY QUESTIONNAIRE

Please answer the following questions with a 086 or a 86

14. Does anyone smoke in this home? If so how often?
______cAd’-j c\\[ __________________________________

15. Does anyone living in this home have allergies? If so, what are they?
_jQ2h_£__________ _________ ________________________________ _____________ _

16. Do you use your kitchen fan? If so, how often?
™ il-L. _________________________ _______ _

17. Do you use your bathroom fan? If so, how often?

__LjJLS kobJ&r \ ^2 ^■l„ £L____________
18. Do you open your windows? If so, how often?

Do you generally have problems with any of the following:
16. Colds___n_?L___________________ _____ _______________________ ____
17. Coughing ________ ______________________________ ___________
18. Sore throats _JDJ?______________________________ _______________
19. Faintness___ £±0.__ _____ ______ _______________ __________ ___
20. Nausea __n^____________________________________ ______________
21. Fatigue ^JClP._______________ _________ ______ _______ ______ ______
££. Headaches ____________________________________________
23. Back pain _________________ _______________________ _______
24. Eye strain _______________ _____________________ ____________

___________ ______25. kJatery eyes



HOMEOWNERS INDOOR AIR QUALITY QUESTIONNAIRE

26. Skin irritation ______________ ______________________________________

27. Mhat cleaning products do you use in your home and how often?
_ laiCojd ^ £L ii 2.q_ LAI Iguzd. tsu} -t £.___ s* ^ 0■40*-vC k p> 'f“lr\ 8X;

28. Hhat type of vacuum cleaner do you use and how often? -l-K-e u; € V^
—__\ V^> - e \ €cA~T-ft 1 VA.X _________

29. Mhat is the most significant factor affecting the air quality in your
home? «•
_nOjfi&________ _________ ______ ________________________ ________________

30. Mhat are the two or three aspects of living in this home that you 
would like to change or see changed?
__ ____________ ________________ _____________________________________________

31. Uhat two or three features of this home do you enjoy the most?

_JQ.Q__ fitSUoaJQafi-C^_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

THAHK YOU FOR YOUR COOPERATION* PLEASE ABB ANY ABBITIONALCOMMENTS



HQMEQU1NER5 INPOQP ^TP QU^LTTV QUgSTinfJfj^IRg

Address: _______A. \C^>______ ? y^.V\* O___________
________________________________________________________________________

___________NLiS-^^-S™___
T^pe of air handling system S-cVaDcxvrk WeeA-V*-^ _______________
1. Type and size of home _ ?F_S4^\\ V V^v/g.\. 3>^lOQt~__________________ __
2.
3.

Type of insulation_________ ________ _
%ww\\a>er
Number of occupants living in the home? _Jk

4- Generally speaking how much time do you spend in your -home in 
a 24 hour time period?
___ J3L3L. k ___ / HvK-g- V2~ Kr^,_____

In general, on a scale from 1 being the worst to 5 being the 
best, please rank the following with respect to:
< Please note any additional comments >

5. Temperature
6. Drafts___

3_

2l

?.

8.
%

19.

Ventilation _ 
Air freshness 
Air movement
Odors_____

_<£

A
A

4-
11. Humidity

12. Dust
\13. Holds



HOMEOWNERS INDOOR AIR QUALITY QUESTIONNAIRE 1
I

Tlease answer the following questions with a BSS or a GB8 |

14. Does anyone smoke in this home? If so houi often?

_______ ___________________________________________________

15. Does anyone living in this home have allergies? If so, what are they?

________ buO._________________________________ _____ _____ _______________
16. Do you use your kitchen fan? If so, how often?

_______Y\q4 ___ ___^ ^
17. Do you use your bathroom fan? If so, how often?

--- _________________________________________________________________ ________ _______

18. Do you open your windows? If so, how often?

\\0\- \vrN, _’VK-g_._________________ _______________________ ___________

9o you generally have problems with any of the following:
16. Colds______ SClO.____ _
17. Coughing_____________
18. Sore throats
19. Faintness____ _JQ£L__
28- Nausea________Q^L__
21. Fatigue_______
22. Headaches_____
23. Back pain___ __nQ_.
24. Eye strain_____JQ.Q_

nO25. 14atery eyes



HOMEOWNERS INDOOR AIR QUALITY QUESTIONNAIRE

26. Skin irritation___ tlD.__________________________ _______ ___ ____ ________ _
2.7. Mhat cleaning products do you use in your home and houi often?

y sol / cx^'k'tL / _____] ><- /g K-______

2.8. What type of vacuum cleaner do you use and how often?
C _______ \ X t— ^ 'g_ vm.Pj w\'VV>.S__ ____

29. What is the most significant factor affecting the air quality in your
home? *

V\ IK TWV^VV^ _ _ _ _ _  >U».Q\A._ _ _ ^ Y'\____ Q \ S _ _____ __

__ \ £&£< K A Lfl- - JX l, S. Q.oVyJ^CK^
OdLOr&J

30. What are the two or three aspects of living in this home that you 
would like to change or see changed?
________________ itts*________________

c^vcJrVii ck V ’VUg. cArs^w

31. What two or three features of this home do you enjoy the most?
_____________________________________________ b °S^
_____ C rck.vO \ S ^ ______________ _________________________ _____ _________

"THAHK YOU FOR YOUR COOPERATION, PLEASE ADD ANY ADDITIONALCOMMENTS
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Thank you for helping’ out with our air quality study• You were 
great, and I think we’ve learned some good things about the 
different kinds of ventilation systems.
As part of the study, we’d 1 ike to ask how you * ve found the comfort 
of your house in the last couple of weeks * If you haven’ t noticed 
any difference from day to day, then that’s useful information too.

!i

!

MARCH 22 - 29 th MARCH 3t - APR 6 th
COLD
HOT
STUFFY
DRAFTY
MOIST

If you kept your windows closed, did it make the 1iving area less 
comfortable? _ How about the bedroom?
How many people 1ived in the house during the survey? 3_
Were you away at al1 during the 
when, please write dates down.

survey? If you can remember

GO, ^
I

nc<Jr ^ -H-e -X W’Ao

cJ.r . yv's f0 "7
<00^ ^
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Thank you for helping’ out with our air quality study. You were 
great, and I think we*ve learned some good things about the 
different kinds of ventilation systems.
As part of the study» we*d 1 ike to ask how you’ve found the comfort 
of your house in the last couple of weeks« If you haven * t noticed 
any difference from day to day» then that's useful information too.

TOO COLD 
TOO HOT 
TOO STUFFY 
TOO DRAFTY 
TOO MOIST
If you kept your windows closedf did it make the 1iving area less 
comfortable?________ How about the bedroom?________
How many people 1ived in the house during the survey? *3____

MARCH 22 - 29 th MARCH 39 - APR 6 th

Were you away at al1 during 
when, please write dates do1—

If you can remember
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Thank you for helping out with our air quality study. You were 
greatt and I think we've learned some good things about the 
different kinds of ventilation systems.
As part of the study( we'd 1 ike to ask how you've found the comfort 
of your house in the last couple of weeks. If you haven't noticed 
any difference from day to day, then that's useful information too.

MARCH 22 - 29 th MARCH 39 - APR 0 th
TOO COLD
TOO HOT
TOO STUFFY
TOO DRAFTY
TOO MOIST
If you kept your windows closed, did it make the 1iving area less 
comfortable?_i/_<2<SL___ How about the bedroom?'gC! ^_pr_—
How many people 1ived in the house during the survey?_

AteL If you can rememberWere you away at all during the survey? 
when, please write dates down.

J .

\

k



VENTILATION QUESTIONNAIRE
B.C. CODE H.R.V. FULL
VENTILATION DUCT SYSTEM

YES

1) Does it meet air quality needs? ^

2) Does it effectively deal with:

3) Is it:

a) Moisture?

b) Odors?
/

c) Contaminants?

a) Excessive? / A/

b) Necessary?

- t y' ■/ tv

4) Approximately how much does it cost to Install B.C. Code 
Ventilation in an electric baseboard house with three bathrooms?

$ / -> ■'i

5) Approximately how much does it cost to install an HRV Full 
Duct System in an electric baseboard house with three bathrooms?

$ _______________________________________

6) There is a proposal that the 1995 Building Code will require a 
fully ducted, continuous ventilation system. Considering the 
increases in the air tightness of construction, do you think this 
proposal is:

a) Necessary? ^

b) Unnecessary? __________________

Comments.

MARKETABILITY OF VENTILATION SYSTEMS

Easy to 
Market

Difficult 
to Market

B.C. Code System •____________________________ __________ __
3\2i10123

HRV System ■ ___________ ___________________________
3 vfT 1 0 1 2 3

i



MAINTENANCE OF VENTILATION SYSTEMS

B.C. Code System

Easy to 
Maintain to

Difficult
Maintain

HRV System f v

2 1 0 1 2 3

(l) 2 1 0 1 2 3

AIR QUALITY EFFECTIVENESS OF VENTILATION SYSTEMS

Not Very Very
Effective Effective

B.C. Code System 

HRV System

1 0 1 2

1 0 1 2

POLLUTION CONTROL EFFECTIVENESS OF VENTILATION SYSTEMS

Not Very Very
Effective Effective

B.C. Code System

HRV System

3 2 10

3 2 10

INSTALLATION OF VENTILATION SYSTEMS

Easy to 
Install

Difficult 
to Install

B.C. Code System ^____________________________ ____________________j7 g 1 0 1 2 T

HRV System y______________________ . ______________X72I0123

2



VENTILATION QUESTIONNAIRE
B.C. CODE H.R.V. FULL
VENTILATION DUCT SYSTEM

YES NO YES

1) Does it meet air quality needs? if-

2) Does it effectively deal with:

a) Moisture?

b) Odors? / 1^

c) Contaminants? / 1/

3) Is it: a) Excessive?

b) Necessary? 1/ V 7

4) Approximately how much does it cost to install B.C. Code 
Ventilation in an electric baseboard house with three bathrooms?

s - -Wo _______________________ _______________

5) Approximately how much does it cost to install an HRV Full 
Duct System in an electric baseboard house with three bathrooms?

6) There is a proposal that the 1995 Building Code will require a 
fully ducted, continuous ventilation system. Considering the 
increases in the air tightness of construction, do you think this 
proposal is:

a) Necessary?

b) Unnecessary?

Comments. if < ^-4. -1

Tkt f iL.‘h^ yokhf j u-mH \i>«>rr>f

MARKETABILITY OF VENTILATION SYSTEMS

71

Easy to Difficult
Market to Market

B.C. Code System __________________________________________
Vp 2 I 0 I 2 3

HRV System ________________ ________________________
3 £2) 1 0 1 2 3



MAINTENANCE OF VENTILATION SYSTEMS

B.C. Code System

Easy to 
Maintain to

Difficult
Maintain

HRV System

2 1 0 1 2 3

2 1 0 1 2 3

AIR QUALITY EFFECTIVENESS OF VENTILATION SYSTEMS

Not Very Very
Effective Effective

B.C. Code System /-v ________________ ______________________ __
2 10 12 3

HRV System
3 2 10 1 2

POLLUTION CONTROL EFFECTIVENESS OF VENTILATION SYSTEMS

Not Very Very
Effective Effective

B.C. Code System

0 ~ 1 0 1 2 3

HRV System
3 2 1 0 1 2 (3,

INSTALLATION OF VENTILATION SYSTEMS

B.C. Code System

Easy to 
Install

Difficult 
to Install

d> ~ 1 0 1 2 3

HRV System
3 2 (3 0 1 2 3

9



VENTILATION QUESTIONNAIRE
B.C. CODE 
VENTILATION

H.R.V. FULL
DUCT SYSTEM

YES (JES

1) Does it meet air quality needs?

2) Does it effectively deal with:

Moisture?

^bjy Odors?

Contaminants?

3) Is it: a) Excessive?

Necessary?

4) Approximately how much does it cost to install B.C. Code 
Ventilation in an electric baseboard house with three bathrooms?

^ -e.
y ^ u

5) Approximately how much does it cost to install an HRV Full 
Duct System in an electric baseboard house with three bathrooms?

y

• J
6) There is a proposal that the 1995 Building Code will require a 
fully ducted, continuous ventilation system. Considering the 
increases in the air tightness of construction, do you think this 
proposal is:

Comments

ajyNecessary?
b) Unnecessary?

J

/

7 X
MARKETABILITY OF VENTILATION SYSTEMS

Easy to Difficult
Market to Market

^NB.C. Code System

HRV System

1



MAINTENANCE OF VENTILATION SYSTEMS

B.C. Code System

Easy to Difficult
Maintain to Maintain

HRV System

AIR QUALITY EFFECTIVENESS OF VENTILATION SYSTEMS

Not Very 
Effective

Very
Effective

B.C. Code System / " )

(Jy*
HRV System __ w

POLLUTION CONTROL EFFECTIVENESS OF VENTILATION SYSTEMS

Not Very 
Effective

B.C. Code System 

HRV System
3 2

INSTALLATION OF VENTILATION SYSTEMS

Easy to
> Install

Very
Effective

Difficult 
to Install

■9



VENTILATION QUESTIONNAIRE
B.C. CODE H.R.V. FULL
VENTILATION DUCT SYSTEM

YES NO YES NO

1) Does it meet air quality needs? *
2) Does it effectively deal with:

* v/
a) Moisture?

b) Odors?
y

c) Contaminants? v/
3) Is it: a) Excessive?

b) Necessary?

4) Approximately how much does it cost to install B.C. Code
Ventilation in an electric baseboard house with three bathrooms?

$
5) Approximately how much does it cost to Install at1 HRV Full
Duct System in an electric baseboard house with three bathrooms?

$ 11 Ob -r©
6) There is a proposal that the 1995 Building Code will require a 
fully ducted, continuous ventilation system. Considering the 
increases in the air tightness of construction, do you think this 
proposal is:

a) Necessary?

b) Unnecessary?

Comments

MARKETABILITY OF VENTILATION SYSTEMS

Easy to 
Market

Difficult 
to Market

B.C. Code System 

HRV System

3 2 1 6 1 3

3 2 0 l 2 3



MAINTENANCE OF VENTILATION SYSTEMS

Easy to Difficult
Maintain to Maintain

B.C. Code System
3 1 0 1 2 3

HRV System ___cx.3 2 1 1 2 3

AIR QUALITY EFFECTIVENESS OF VENTILATION SYSTEMS

Not Very Very
Effective Effective

B.C. Code System _______
W 2 1 0 1 2 3

HRV System
-2—3 2 1 0 1

POLLUTION CONTROL EFFECTIVENESS OF VENTILATION SYSTEMS

Not Very Very
Effective Effective

B.C. Code System

@ 2 1 0 1 2 3
HRV System

3 2 1 0 1 2 &

INSTALLATION OF VENTILATION SYSTEMS

Easy to Difficult
Install to Install

B.C. Code System
3 2 1 0 1 3

HRV System
3 2 1 0 2 3

i
1
I

1
I

I

I

!

I

I

S
!
1
I

I

I

I

l
!



VENTILATION QUESTIONNAIRE
B.C. CODE H.R.V. FULL
VENTILATION DUCT SYSTEM

YES NO YES NO

1) Does it meet aiir quality needs? Kl d Hco

2) Does it effectively deal with:

a) Moisture?

b) Odors?

c) Contaminants?

3) Is it: a) Excessive? MO ■ Ui

b) Necessary? S&5

4) Approximately how much does it cost to install B.C.
Ventilation in an electric baseboard house with three bathrooms?

$_J£5a1_______________ ___ ____________________ __
5) Approximately how much does it cost to install an HRV Full 
Duct System in an electric baseboard house with three bathrooms?

s 2^ _____________________

6) There is a proposal that the 1995 Building Code will require a 
fully ducted, continuous ventilation system. Considering the 
increases in the air tightness of construction, do you think, this 
proposal is:

a) Necessary?

b) Unnecessary?

Comments

MARKETABILITY OF VENTILATION SYSTEMS

Easy to Difficult
Market to Market

B.C. Code System

3 2 ^
0 1 2 3

HRV System %
3 $ 1 0 1 2 3



MAINTENANCE OF VENTILATION SYSTEMS

Easy to 
Maintain

Difficult 
to Maintain

B.C. Code System z
(P 2 1 0 1 2 3

HRV System
3 2 1 0 0) 2 3

AIR QUALITY EFFECTIVENESS 01f VENTILATION SYSTEMS

B.C. Code System

Not Very 
Effective

Very
Effective

3 ib 1 0 i 2 3

HRV System
3 2 1 0 i 2

POLLUTION CONTROL EFFECTIVENESS OF VENTILATION SYSTEMS

B.C. Code System

Not Very 
Effective

‘■'v

Very
Effective

3 2 0 1 2 3

HRV System r-
3 2 1

b
1 2 3

INSTALLATION OF VENTILATION SYSTEMS

Easy to 
Install

Difficult 
to Install

B.C. Code System
(p—2— 1 0 1 2 3

HRV System pv
3 2 1 0 1

3



VENTILATION QUESTIONNAIRE
B.C. CODE H.R.V. FULL
VENTILATION DUCT SYSTEM

^Es) NO YES (no)

1) Does it meet ailr quality needs? f

2) Does it effectively deal with:

a) Moisture? 5re r

b) Odors?

c) Contaminants?

3) Is it: a) Excessive? A c> ./ £<> 0 *

b) Necessary?

4) Approximately how much does it cost to install B.C. Code
Ventilation in an electric baseboard house with three bathrooms?

_ j 3$ vro ___________ _
5) Approximately how much does it cost to install an HRV Full 
Duct System in an electric baseboard house with three bathrooms?

• /too JJ

6) There is a proposal that the 1995 Building Code will require a 
fully ducted, continuous ventilation system. Considering the 
increases in the air tightness of construction, do you think this 
proposal is:

a)

b)

Necessary?

Unnecessary?

Comments

MARKETABILITY OF VENTILATION SYSTEMS

Easy to 
Market

Difficult 
to Market

B.C. Code System /S ________ __________ _______
hj 21^0 12~

HRV System __________________________________ __ ________ ___
3 2 10 12 3

1



MAINTENANCE OF VENTILATION SYSTEMS

Easy to 
Maintain to

Difficult
Maintain

B.C. Code System / \,

i!) 2
1 0 1 2 3

HRV System
3 2 1 0 1 2 3

AIR QUALITY EFFECTIVENESS OF VENTILATION SYSTEMS

Not Very Very
Effective Effective

B.C. Code System _______________________ , \ ____________________
3~ 2 I (T: 2 3

HRV System ______________ __________________ _________ _________
3 2 10 12 3

POLLUTION CONTROL EFFECTIVENESS OF VENTILATION SYSTEMS

Not Very Very
Effective Effective

B.C. Code System X
3 2 i ^ 1 2 3

HRV System
3 2 1 0 1 2 3

INSTALLATION OF VENTILATION SYSTEMS

Easy to 
Install

Difficult 
to Install

B.C. Code System
2 1 0 12 3

HRV System
2 1 0 1 2 3

2



VENTILATION QUESTIONNAIRE
B.C. CODE H.R.V. FULL
VENTILATION DUCT SYSTEM

1) Does it meet air quality needs?

2) Does it effectively deal with:

a) Moisture? u/

b) Odors? y

c) Contaminants? y

3) Is it: a) Excessive? y

b) Necessary?
i/

4) Approximately how much does it cost to install B.C. Code
Ventilation in an electric baseboard house with three bathrooms?

$ / 2-T, 0-b

5) Approximately how much does it cost to install an HRV Full
Duct System in an electric baseboard house with three bathrooms? 

. # <Jr\ trr )

6) There is a proposal that the 1995 Building Code will require a 
fully ducted, continuous ventilation system. Considering the 
increases in the air tightness of construction, do you think this
proposal is:

Comments

a) Necessary? _____
b) Unnecessary? ____

ajo /

MARKETABILITY OF VENTILATION SYSTEMS

Easy to 
Market

Difficult 
to Market

B.C. Code System 

HRV System

07

*



MAINTENANCE OF VENTILATION SYSTEMS

Easy to Difficult
Maintain to Maintain

B.C. Code System _____________ _
\T) 1 “T“ 0 1 2 T

HRV System
3 2 10 1 2

AIR QUALITY EFFECTIVENESS OF VENTILATION SYSTEMS

Not Very Very
Effective Effective

B.C. Code System ____ ^__________________________
3 (jp T~ 0 I 2 3

HRV System
3 2 1 0 3

POLLUTION CONTROL EFFECTIVENESS OF VENTILATION SYSTEMS

Not Very Very
Effective Effective

B.C. Code System ^ __________________ _
3 {2J 1 0 I 2 3

HRV System _________ ____________________
3 2 (T7 0 I 2 3

INSTALLATION OF VENTILATION SYSTEMS
Easy to 
Install

Difficult 
to Install

B.C. Code System /nr\ ____________________________
(JW 2 1 0 1 2 3

HRV System
3 2 10 1 2



7?7 gg03/>* _______ _

fco jjwM-*-'

VENTILATION QOESTIONNAIItE
B•C• CODE 
VENTILATION

H.R.V. FULL 
DUCT SYSTEM

YES

/
/
/r

4) Approximately how much does it cost to install B.C. Code 
Ventilation in an electric baseboard house with three bathrooms?
$ ________$ (lo- ________ ___
5) Approximately how much does it cost to install an HRV Full 
Duct System in an electric baseboard house with three bathrooms?
s

1) Does it meet air quality needs'
2) Does it effectively deal with:

a) Moisture?
b) Odors?
c) Contaminants?

3) Is it: a) Excessive?
b) Necessary?

6) There is a proposal that the 1995 Building Code will require a 
fully ducted, continuous ventilation system. Considering the 
increases in the air tightness of construction, do you think this 
proposal is:

a) Necessary?
b) Unnecessary?

Comments

MARKETABILITY OF VENTILATION SYSTEMS
Easy to Difficult
Market to Market

B.C. Code System /
3 2 1 0 1 2 3

/HRV System
3 2 1 0 1 2 3

1



MAINTENANCE OF VENTILATION SYSTEMS

Easy to 
Maintain tc

Difficult
> Maintain

B.C. Code System /
3 2 1 0 1 2 3

HRV System /
3 2 1 0 1 2 3

QUALITY EFFECTIVENESS OF VENTILATION SYSTEMS

Not Very 
Effective

Very
Effective

B.C. Code System /
3 2 i 0 1 2 3

HRV System y
3 2 i 0 1 2 3

POLLUTION CONTROL EFFECTIVENESS OF VENTILATION SYSTEMS

Not Very Very
Effective Effective

B.C. Code System y
3 2 1 0 1 2 3

HRV System /
3 2 1 0 1 2 3

INSTALLATION OF VENTILATION SYSTEMS
Easy to Difficult
Install to Install

B.C. Code System /
3 2 1 0 1 2 3

HRV System X
3 2 1 0 1 2 3

9



B.C. CODE 
VENTILATION

VENTILATION QUESTIONNAIRE
H.R.V. FULL
DUCT SYSTEM

(53)
1) Does it meet air quality needs
2) Does it effectively deal with:

a) Moisture?
b) Odors?
c) Contaminants?

3) Is it: a) Excessive?
b) Necessary?

4) Approximately how much does it cost to install B.C. Code 
Ventilation in an electric baseboard house with three bathrooms?

I " 0$ V ic f r; ^ .. v» r f .

5) Approximately how much does it cost to install an HRV Full 
Duct System in an electric baseboard house with three bathrooms?

6) There is a proposal that the 1995 Building Code will require a 
fully ducted, continuous ventilation system. Considering the 
increases in the air tightness of construction, do you think this 
proposal is:

a) Necessary?
b) Unnecessary? x:

Comments

MARKETABILITY OF VENTILATION SYSTEMS
Easy to Difficult

B.C. Code System
Market to Market

3 2 1 0 1 2 3
HRV System

3 2 1 0 1 2 3

i



MAINTENANCE OF VENTILATION SYSTEMS

Easy to Difficult
Maintain to Maintain

B.C. Code System ______________________ _____ _____
3 2 1 0 1 2 3

HRV System _________ ______ _________________
3 2 10 12 3

AIR QUALITY EFFECTIVENESS OF VENTILATION SYSTEMS

Not Very Very
Effective Effective

B.C. Code System

HRV System
3 2 1 0 1 2 3

3 2 1 0 1 2 3

POLLUTION CONTROL EFFECTIVENESS OF VENTILATION SYSTEMS

B.C. Code System

Not Very 
Effective

Very
Effective

3 2 1 0 1 2 3
HRV System

3 2 1 0 1 2 3

INSTALLATION OF VENTILATION SYSTEMS

B.C. Code System

Easy to 
Install

Difficult 
to Install

3 2 1 0 1 2 3
HRV System

3 2 1 0 1 2 3



VENTILATION QUESTIONNAIRE
B.C. CODE H.R. V. FULL
VENTILATION DUCT SYSTEM

YES NO YES NO
1) Does it meet aiz‘ quality needs? y
2) Does it effectively deal with: y /a) Moisture?

/ . /
b) Odors? V

/ /
c) Contaminants? V

j
'Kf

3) Is it: a) Excessive? J
b) Necessary?

/
j J

4) Approximately how much does it cost#to install B.C. Code
Ventilation In an electric baseboard house with three bathrooms?

5) Approximately how much does it cost to install an HRV Full 
Duct System in an electric baseboard house with three bathrooms?
n/ScO. ^ c __________ _
6) There is a proposal that the 1995 Building Code will require a 
fully ducted, continuous ventilation system. Considering the 
increases in the air tightness of construction, do you think, this 
proposal is:

a) Necessary?
b) Unnecessary?

Comments // A" 1/ /.rv
y .

/
HARKETABILITT OF VENTILATION SYSTEMS

■•.z

Easy to 
Market

Difficult 
to Market

B.C. Code System 

HRV System
3 \2~/ 10 12 3

(T 2 10 12 3



MAINTENANCE OF VENTILATION SYSTEMS

Easy to Difficult
Maintain to Maintain

B.C. Code System
(,3> 2 1 0 1 2 3

HRV System _ _

3 2 & 0 1 2 3

AIR QUALITY EFFECTIVENESS OF VENTILATION SYSTEMS

Not Very Very
Effective Effective

B.C. Code System
3 2 1 0

V
2 3

HRV System ........- .■f't3 2 1 0 1 2 (3
POLLUTION CONTROL EFFECTIVENESS OF VENTILATION SYSTEMS

Not Very Very
Effective Effective

B.C. Code System -“N.
3 2 U/ 0 1 2 3

HRV System
3 2 1 0 1 ^ 3

INSTALLATION OF VENTILATION SYSTEMS
Easy to Difficult
Install to Install

B.C. Code System r\

0 2 1 0 1 2 3
HRV System

3 2 1 1 2 3
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TEST EQUIPMENT

The equipment used.in the sampling for this study are as follows:

NOVA 5289 Carbon Dioxide/Carbon Monoxide Analyzer;
BURKE 1996 Micro-processor Control Panel;
Calibrated Air pump/impinger Formaldehyde Monitors;
Advance Controls Technologies) Electronic 5% RH, and 
Electronic Temperature Sensors;
Sling Psychrometer;
Digital Thermometers;
DWYER 479-1 Thermal Anemometer;
Microbiological & mycological sampling.



APPENDIX 12

INDOOR AIR QUALITY GUIDELINES



I
INDOOR AIR OPALITY GUIDELINES

Maximum concentration Source
Carbon dioxide 
(Ashrae)

Carbon Monoxide 
(Ashrae)

Formaldehyde

I

600 ppm to 1,000 
(Problems start)

35 ppm for 1 hour 
9 ppm annual

0.1 ppm instantaneous 
3 ppm for 8 hours

Humans and
animal
respiration

Cigarettes, 
combustion of 
fossil fuels

Building (ASHRAE) 
Products, 
U.F.F.I., 
glue and 
particle board

Respirable Particles 
(OSHA Standards)

0.075 mg/m3 instantaneous 
RSP Particle size=l.0-10.Oum

Oust, smoke, 
plant spores 
pollens, 
bacteria

I

I
I

Micro-organisms 
(OSHA Standards)

Average particle sizes are 
as follows:
Atmospheric dusts 0.001 -2Sum 
Bacteria .3-13um 
Insecticide dusts 0.5-10um 
Pollens 10 - lOOum 
Tobacco smoke 0.01-lum 
Viruses 0.004-0.06um

Products, 
cloth, rugs, 
humans, pets 
humidifiers, 
plants, 
insects, air 
conditioners. 
Any organic 
material can 
support 
growth when 
wet.

i!
Bacteria

§ (OSHA Standards)
500 CFU/m3 guideline 
Generally not a problem 
e.g. Legionella Pneumophila

Found in 
buildings in 
standing 
water



Contaminant Maximum concentration Source

Mycological Potential fungi of concern:
Aspergillus flarus (At high incidence) 

Aspergillus niaer (At any incidence) 
Aspergillus fumigatus (At any incidence) 
Stachvbotris atra (At any incidence) 

Thermoactimonvces cadidus (At any incidence)

Aromatics In exposure studies, levels of
(OSHA Standards) 5mg/m3 or higher were found to

cause mucous membrane irritation
- Toluene
- Xylene
- Styrene

200 ppm for 8 hours 
100 ppm for 8 hours 
100 ppm for 8 hours

Any organic
material can
support
growth. Soil,
decaying
vegetable
matter.
Paints, glue 
varnishes, 
enamels, car
pets , lacquer 
cleaners, 
printed paper 
adhesives, 
paint strippers 
plastic, 
insulation.


